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SUBSONIC-ELOW”FIELC6 BENEATH SWEFT AND UNSWEFT
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By William J. Alford, Jr.

SUMMARY

The flow-field characteristicsbeneath swept and
determined by potential-flow theory are compared with

OF THE

WINGS WITH

unswept wings as
the 6?xperimentally

determined flow fields beneath swept and unswept wing-fuselage combina-
tions. The potential-flow theory utilized considered both spanwise and
chordwise distributions of vmticity as well as the wing-thiclmess effects.
The perturbation velocities tiuced by a unit horseshoe vortex are included
in tabular form.

The results hiicated that significant @hordwise flow gradients
existed beneath both swept and unswept wings at zero lift and throughout
the lMt range. The theoretical predictions of the flow-field character-
istics were qual.i~ativelycorrect in &U_ cases considered, although there
were indications that the magnitudes of the downwash angles tended to be
overpredicted as the tip of the swept wing was a~roached and that the
sidewash an@.es ahead of the unswept wing were uuderpredicted. The cal-
culated effects of compressibilityindicated that significant increases
in the chordwise variation of fkw angles and dynamic-pressure ratios
should be expected in gobg from luw to high subsonic speeds.

INTRODUCTION

The almost universal present-day employment of external stores, such
as missiles, bombs, or fuel tanks ‘onfighter airplanes, and nacelles on
bomber airplsnes, has indicated the need for more detailed information
regarding the flow c@racteristics in the vicinity of the wing in order
to esthnate the aerodynamic loads on these objects when fixed in the wing
flow field and to evaluate the launching and jettison characteristics of
missiles, bombs, or fuel tsnks. lh addition, numerous present-day air-
planes are incorporate wing sweep, lower sspect ratios, end shorter
tail length, SU of which may tend to bring the various airplane compo-
nents in closer proximity to the ~ ● .

.---— . . . ——.—. ——-. ..— —



2 NACA TN 3738

For dz’plsne designs of the past, in which the component partEI(for
exsmple, the wing and the tail) were sepsrated by reasonable distances?
-the wing-interference effects could be calculated with sufficient accuracy ‘
by a _er of horseshoe vortices distributed along a single lifting line
(refs. I to k). However, because of the mathematically singukr nature of
the single vortex, this‘3heoryis valid only for regions that are at a
distance of at least one wing chord from the vortex location. (See ref. 1.)

The purpose of the present pa- is to show that the flow character-
istics beneath the wing can be calculated if the lifting wing is assumed
to be represented by a multiple arrangement,(both chordwise and spaawise)
of horseshoe vortices snd M the effects of thickness are accounted for.
The velocities induced by the akrfoil-sectionthickness distribution,
which are often neglected, are considered by using the appropriate sti-
_i@ (so~ce s=) ~s~ib~ion (ref. 5) h conjunction with simple
sweep theory (ref. 6). Detailed e~erimental flow fields were obtadned
around swept and unswept wing-fuselage combinations end sr~ compared with
the wing-alone theoretical flow fields.

The details of the calculative procedure sre developed in appendixes.
The velocities induced by a unit horseshoe vortex M the cbm”dwise, ver-
tical, and lateral directions for a large range of distances sre included
in tabular form. The calculated ftist-order effects of compressibility
on the flow,characteristics for a subcriticalMach number of 0.80 are
also presented.

.

s8pect ratio

wing Spanj ft

local wing chord, ft

meau aerdynemic chord, ft

aversge wing chord, ft

wing-section lift coefficient

section lift-curve slope

total lift coefficient

incompressible lift-curve slope
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compressible lift-curve slope

drag coefficient

pitching-moment coefficientmeasured about quarter chord of
mean aerodynamic chord

fuselage length, 7.61 ft

wing area, sq ft

semiwidth of horseshoe vortex, ft

maximum fuselage dismeter, 0.70 ft

airfoil thickness, ft

taper ratio

local sweep single,deg

free-stream.velocity, ft/sec

resultant velocity, ft/sec

backwash perturbation velocity in direction of x-axis, positive
rearward (fig. 3), ft/sec

backwash perturbation velocity induced by two-dimensional
airfoil-sectionthickness distribution (see appendix A),
ft/sec

sidewash pe&mrbation velocity in &Lrection of y-axis, positive
to the right (fig. 3), ft/sec

downwash perturbation velocity in direction of z-axis, positive
downward (fig. 3), ft/sec

local dynaud.cpressure, lb/sq ft

free-stream dynsmic pressure, lb/sq ft

downwash angle between free-stream-velocityvector and resultant-
velocity vector in xz-plsne, positive downward (fU. 3)j *g

sidewash sngle between tiee-stresm-velocityvector and resultant-
velocity vector in xy-plane, positive toward left wing tip
(fig. 3), deg
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4 NACA TN 3738

x, y, z right-hand Cartesian coordinate system in which x is positive
downstream, y is positive to the right, and z is positive
upward (fig. 3), ft .

Z!x,&,& Mstances ti the x-, y-, and z-directions,respectively, from
space point of interest to centroidal location of mth, nth
vortex

n spanwise vortex index (see appendix A)

m chordwise vortex index (see appendix A)

a inclination of wing from zero-lift attitude, deg

r three-dhnensional VOrtex chzul.ation strength, ft2/sec

rs ho-Mmmsional vm.%ex circulation strength, ft2/sec

# perturbation velocity potential, ft2/sec

!43 two-dime-hsionslperturbation velocity potential (also referred
to as chordwise accumulation of vorticity when increased by
a factor of 2.O), ft2/sec

/

Fu backwash factor (see-appendix B)

Fv sidewash factor (see afindix B)

Fw downwash factor (see appendix B)

M Mach number

fj+.+f2

Subscripts:

a additional or lift--cad characteristics

n characteristics of airfoil section normal to local lines of
constant percent thickness

s cmacteristics of streetwise airfoil section in two-dhensional
“flow

c/2 characteristics referred to

c/4 characteristics referred to

te characteristics referred to

half-chord line

qxmter-chord line

trailinn edge

Primes indicate equi-nt ~compressible characteristics.
Bsrs ti=te c=troidal ~catio~ of the vortices.

G
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MODELS AND TESTS

The models about which the flow surveys were made consisted of both
swept- and unswept-wing-fuselage combinations. Drawings of the wing-
fusekge combination are presented in figure 1. The wing of the swept-
wing-fuselage combination had 45° sweep of the quarter-chord line, an
aspect ratio of 4.0, a taper ratio of 0.3, and NACA 65Ao06 &foil sec-
tions parallel to the plane of symmetry. The wing of the unswept-wing-.
fuselage combination had 0° sweep of the one-half-chord line, an aspect
ratio of 3.0, a taper ratio of 0.5,”and NACA 65A0~ airfoil sections
parallel to the plane of symmetry. The fuselage consisted of an ogival
nose section, a cyklmdrical center section, and a truncated tail cone.
The fuselage or~tes are presented in tabl& I.

The tests were made in the lkngley 300 MPH 7- by lo-foot tunnel at
a velocity of 100 miles per hour. ‘l@erimental results ere presented
for angles of attack from -F to 24° for the swept—wing-fusehge model
and from -W to 16° for the unswept-wing-fuselage model. .

The flow characteristicswere obtained with a rake of kmispherica,lly
headed probes utikl.zingboth downwash- and sidewaslkngle orifices in con-
junction with pitot-static orifices to measure dynsmic pressure. The
instrument employed in this investigation is simLlar to that employed in
reference 1 and is shown installed on one of the test models h figure 2.
The flow surveys“~re made over the right -wingwith the model inverted to
minimize support-strut interference and, therefore, represent cdtio.ns
(due to model SyIUUletry) under the left wing of the model.

Consideration of the angularity rake @LLbration, data-reduction
process, method of rake s~ort, possible errors in misdinement, end
inherent wkii-tunnel mhmlinement angles indicates that the downwash
data are accurate within approximately ?l.0°, the sidewash data are
accurate within approximately *1.50, and the dynamic-pressure-ratiodata
are accurate tithin approximately K).025.

TREORECICAL MEI!HODS

The characteristicsof a field of flow can be completely defined
by the magnitude and direction of the local velocity vectors. It is
generally convenient to &c@ess the tiection in terms of the angles e
in the vertical plane and d ti the lateral plane ad to express the
_it@ ~ - of local-dynsmic pressure qz. In order to deter-

mine the foregoing flow characteristicsby use of theory, a lmowledge
is required of the induced velocities contributed by the various

, f.-
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surfaces responsible for disturbing the free-stresm flow. The discussion
of the calculativeprocedure will be restricted in the present section-to
a brief general description with the specific details and equations enlarged “
upon in appendix ii. The principal factors necessary to describe the flow
characteristicsare defined schematically ti figure 3.

In the calculation procedures employed, it was assumed that the flow
was potentisl and planar, and, hence, the effects of boundary-layer sep-
aration and the rolling up and displacement of the trailing-vortex wake
have been neglected. The effects of the presence of the fuselage have
also been neglected since the variation of upwash sngle induced by the
cticular-cross-sectionfuselage decays rapidly with lateral distance.
This variation in upwash angle is presented in figure 4 as a function of
lateral distance, non&LmensionaUzed with respect to the swept-wing seml-

. For the swept-wing configuration,the ratio of ftmelage dismeter
%m%.ng span is 0.13. Fbr the lateral locations for which the swept-

/
w5ng calculations have been made, y ~ =

I
O.m an+= 0.75, the

fuselage-inducedupwash angles are seen from figure k to be approximately
8 percent of wfng angle of attack for the inboard location and approxi-
mately 3 percent for the outboard location. For ths midsemispan location
of the unswept wing, which has a ratio of fuselage-diameter to wing span
of 0.16, the fuselage-inducedupwash angle is approximately 10 percent of
the wing angle of attack.

The foregoing discussion has considered only the effects of the fuse-
lage alone. Examination of reference 4 indicates that the mutual-
titerferenceeffects caused by the addition of a wing to the fuselage
produce only slight changes ti the ~osed w5ng-spsn load distribution.
Since the calculations of present interest are critically affected by
lift coefficient and since the comparison of theory with e~erkt is
most readily made for co~srable lift coefficients, the small chsnges in
load distribution indicated by reference 4 sre assumed negligible. For
regions closer to the fuselage, however, or for larger ratios of fuselage
dismeter to wing spsn, it is e-nt from figure 4 that the presence of
the fuselage should be considered. lh this respect, the analyses of ref-
erences 4 and 7 mqy be useful.

~ order to determine the flow Chs.racteristicsin close praximity
to the wing, it is necesssry to account for both the lift-induced veloc-
ities and the kodifting or thickness-inducedvelocities. The former
velocities are primarily a function of wing angle of attack and plsn-
form geometric characteristics,whereas the -tter velocities sre inde-

,

pendent of angle of attack and sre primarily a function of the local
-f oil-section thichess distribution, modified by plan-form character-
istics. Extensive theoretical investigations of the zero-ldft velocity
distributions on the surface of unswept snd sweptback @rigs hawe been

.1
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reported in references 8 to U and indicate that the isobars, that is,
lines of constant”pressure, tend to be parallel to the local ldnes of
constant percent thickness for regions nut too close to the wing root or
tip. Reference 9 also shows that the effect of aspect ratio on the back-
wash velocities is negligible for aspect ratios that are of ~esent inter-
est (aspect ratios of 4 szxl 3 for the swept aud uuswept wings, respec-
tively). lh view of this, and with consideration of the simple sweep
theory of reference 6, the present paper considers the airfoil sections
normal to the local lines of constant percent thiclmess to be two
dimensional in nature.

The perturbation velocities of “thetwo-dimensional-atrfoilthickness
~stribution msy be determined by either conformal transformations as
reported in references 12 to 14 or by use of the appropriate singularity
distribution as determined by the methods of reference 5 or 15. The pres-
ent paper utilized the method of reference 5 in combination with the
simple sweep theory of reference 6, as described in sppenMx A, h order
to account ap&roximately for the effects of either sweep or taper or both.

Jn the calculation of the lift-induced velocities, the present pro-
cedure utilizes, primarily, four horseshoe vortices distributed in the
chordwise direction at each of 10 spamise locations, thus maMng a totaJ
of 40 horseshoe vortices. The chordwise vortices tie assumed to hawe
equal cticulation strengths but unequal chordwise spacing. T& stratagem
is then to sun the induction effects at points that lie mid~ between
any two sd.jacentchordtise vortices (where possible) for regions near the
wing chord, and thereby minimize the objectionable singularity effects men-
tioned previously in the “Introductiont’.This procedure is hereinafter
referred to aa the finite-step method. An KLustrative -calculation of
the ~-induced velocities beneath the swept wing @ presented in
table II.

in calculating the sidewash velocities, the finite-step methcd
becomes increasingly inaccurate es the vertical U.stauce from the wing
chord plane is decreased. Further study of the assumed hmseshoe vortex
system (see appendix A) indicated that the sidewash velocity would appr~ach
zero as the wing chord plane was approached. This characteristic is not
consistent with reali~ fi that the lateral gradient in load or vorticity
implies the existence of sidewash v&Locities on the wing surface.

~ use of unpublished theoretical studies made by Percy J. Eobbitt
of the Lsngley Aeronautical Laboratory (see appendix A), the sidewash
velocity at the wing chord plaue may be estimated and a more realistic
variation of side-h velocity with verticsl distance effected.

The velocities Nuced by a unit horseshoe vortex in the vertical,
lateral, and longitudinal directions, which are necesssry in the present

dmethods, were computed by the equations given in refemnce 1 and are
presented in tables 111, IV, and V for a lsrge range of distances.
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The spanwise load or vorticity distributions were determined by
the method of reference 17. B order to eliminate errors involved in
estimating the Lift-curve slopes of the wings under consideration,the
compsxisons of theory with experiment were made at the ssme lift
coefficient.

The calculated first-order effects of compressibilitywere obtained
by use of the three-dhensional RaMktl+lauert transformation a8 given
by (kkhert in reference 18. The procedure utildzed in the present investi-
gatim is described in appendix A.

COMPARISON OF THEORY AND ~

ti analyzing the flow-field characteristics and in correlating
experimental end theoretical characteristics,it is often desirable to
hawe as a reference level the ~erhental force end moment character-
istics of the models. These data for the mcdels of the present investi-
gation are presented in figures 5 end 6.

Flow angularities are presented in terms of the angles e and rJ.
In the sign convention adopted (fig. 3), positive values of e indicate
a downflow, positive values of u represent en outflow (tpward left wing
tip), and values of qz/~ greater than unity indicate regions of super-
pressure relative to free-stresm conditions. It should be noted that the
induced angles e and a must be combined with the geometric angles of
attack and sideslip, respectively, to be applicable for use in losd-
estimation procedures. .

The effects of vertical location on the flow characteristicsbelow
the swept wing are shown in figure 7. The effects of wing lift coef-
ficient on the flow characteristics15 percent of the 10CSJ-wing chord
below the one-hslf and three-quarter semispan locations of the swept
wing are presented tn’figures 8 and 9, respectively, and for the mid-
semispan location of the unswept wing in figure 10. The calculated
effects of compressibility”for a subcriticalMach number of 0.80 end
for a vertical location 25 percent of the 10cKL wing chord below the
midsemispah location of the swept wing sre presented h figure Xl.

.

Swept-W~ Model

Exemhation of the flow characteristicsbeneath the midsemispan
of the swept-wing model at zero lift (fig. 7(a)) indicates the existence
of significant chordwise gradients for all the fLow perimeters. The
severi@ of these gradients UuLnishes as the distance from the wing
is incressed.

—- .— -.-. — .—
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Comparison of the v&Lues predicted by theory with the experhmtal
values indicates that the representation of the atifoil-section thick-.
ness distribution by a two-dimensional singularity distribution (ref. 5)
modified by simple sweep theory (appendix A) gives excellent qualitative
agreement for all vertical locations considered. The magnitudes of the
flowpsmmeters due to thickness sre, h general, also well predicted,
although the downwash angles are underpredicted for the regions hmedi-
ately ahead of the wing chord.

The fluw characteristicsat a wing lift coefficient of 0.49 are
shown @ figure 7(b). The chordwise gradients mentioned previously are
seen to be more severe than for the zero-lift condition (fig. 7(a)).
Rx this LLft coefficient (O.49) the l&i?t-inducedeffects, in generel,
completely overshadow the thickness effects end cause large changes in
the downwash and sidewash angles in addition to reductions in the dynemic-
pressure ratios.

Good agreement is in evidence for the downwash angles except for
the nearest verticel location where the theory overestimates conditions
immediately ahead of the wing leading edge. This ovpresthation is pre- .
sumed to be due to the assumption in the theory of the two-Mmensions2.
type of chordwise loed distribtiion that implies ?@U. leading-edge suc-
tion end, hence, unreaUsticaUy large induced effects in this vicinity.

& the case of the sidewash angles (fig. 7(b)), the assmed finite-
step theory is seen to become increasingly ticcurate as the vertical
distence from the wing chord pkne is decreased. The modified theory
(see appendix A), which effects a more realistic vsriation of sidewash
velocity with vertical distance (particularlynesr the chord plane), is
seen generally to agree more closely with the ~erimentel results than
does the finite-step method. The modified theory was used in the rest
of the incompressible sidewash calculations presented in this paper.

,
The prediction of the dynsmic pressures (fig. 7(b)) by use of the

f~te-step m@od is seen to be good for all chordwise and vertical
locations presented.

Siuce it has
be calculated, it
predictability of
comparison of the
15 percent of the
the swept wing is

been shown that the dec~ in the flow distortions cau
would be destrable to consider in more detail the
the flow throughout a more complete lift range. A
theoretical and exper~ntal flow fields existing
local wing chord beneath the midsemispan location of
presented h figure 8.

With a chenge in sign of
coefficient (~ = -0.53), the

tion side of the wing when at
metry, be exemined. The flow

— .—. ——.-— .-. — .—— ——

the flow angles at the most negative lift
conditions existing m the upper or suc-

positive lift mq, bec&use of model sym-
pemmet=s indicate the existence of
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extremely high values of downwash and sidewash angularity as well as
lsrge dynamic pressures. Examination of the pitching-moment curve pres-
ented ti figure 5 indicates an unstable break at a~roxktely this
lift coefficient in the positive M&t range (~ = 0.49), which signifies

a loss of lift at the wing tip and indicates the existence of nonpotential
flow. The potential-flaw theory utilized cannot then be expected to
predict the magnitude of the flow parameters for these conditions.

As the lift coefficient is reduced to ~ = -0.26, a rather good

description of the dowma.sh sngles is given by use of theory (fig. 8(a)).
mod agreement is also obtained throughout the positive lift range to
CL = O.@, which is rather surpris~ since at this lift coefficient the
flow on the suction side of the wing is nonpotential. At ~ = 1.09, the

theory is seen to overpredict the downwash ahead of the leading edge and
.to underpredict it over the chord proper. This is preswned to be due to
the rearward movement of the experimental local center of pressure that
is associated with leading-edge st.sang.

Examination of figures 8(b) and 8(c) indicates that the calculated
sidewash sngles and dynamic pressures ere h reasonable agreement over
the entire lift range i?iththe exception of the extreme cases, ~ = -0.53

end 1.09 where nonpotential conditions exist.

In order’to determine the ability of calcuktions to”predict the
effect of spanwise position on the flow characteristics,a comparison
with the conditions existing 15 percent of the I.ocslwing chord below
the three-qusrter semispan location of the swept wing is presented in
figure 9. The zero-~ft flow angles (fig. 9(a)) and dynamic pressures
(fig. 9(b)) sre well predicted, which indicates that the zero-ldft flow
characteristics sre still essentially two &mensional h nature at

Ib- = -0.75. As the lift coefficient is ticreased, however, the agree-
‘2

ment between theory smd ~eri.ment is seen to deteriorate for the down-
wash angles (fig. 9(a) ) in that the theory gives values too high over
the chord region. This overestimation is presumed to be due to assuming
a two-dimensional type of chordwise load distribution to exist at this
spsnwise station for ~ = 0.23 and to a combination of the aforemen-
tioned in conjunction with the proximity of the rolled-up tip vortex
for ~ = 0.49. In spite of the defects in predicting the duwnwash

angles, the sidewash angles aud dynsmic pressures are seen to be reasonably
wefi&eticted. It shouJd be noted that the ~erimental

(/

b
are sldghtly lower at the outboard location y - = -0.75

(1

2

)
thsn at the tibosrd location y ~ = -0.50 h fig. 8(a) ,

downwaah EUl@S

in fig. 9(a))

whereas the

.

—.-.
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sidewash angles are slightly higher. The dynemic
relatively unaffected by spsnwise station for the
(figs. 8(c) and 9(b)).

Unswept-WingModel

n.

pressures appear to be
two stations presented

A comparison of the flow characteristics at a distance 15 percent
of the local wing chord beneath the unswept wing is &esented ti fig-
ure 10. The predicted downwash characteristics (fig. 10(a)) are, in
general, sub~ect to the seinediscussion and limitations as those for the
swept wing; the only notable differences were the uuderprediction of the
downwash ahead of the leading edge, whereas there was an over-prediction
for the swept ~ (fig. 8(a)). ~ cause of the nonpotentia,lnature of
the flow above the wing chord plane, as evidenced by the break in the
pitching-mment curve (fig. 6), is assumed to be due primsrily to l.eading-
edge separation.

The comparison between the experimental and theoretical sidewash
angles below the unswept wing is shown in figure 10(b). As in the case
of the swept wing, significant chordtise gradients exist under lifting
conditions. The finite-step theory in which 10 spanwise and 4 chordwise
horseshoe vortices were utikLzed is seen to Underpredict the sidewash
angles. llmreasing the number of spanwise vortices from 10 to 20 snd
using the estimated surface sidewash velocity (see appendix A) in deter-

= the sidewh mlocity vf=iation with vertic&l distsnce appear
to provide better agreement with ~eriment over mmt of the chord. k
disagreements existing ekad of the wing-chord leading edge at positive
lifts are not fully understood, but some of the disagreement may be due
to support-strut interference effects that have not been assessed.

The dynsmic pressures (fig. 1O(C)) appear to be well predicted
throughout the lift-coefficientrange investigat&d with the exception
of the largest negative lift coefficient.

The effects of sweepback cannot be adequately determined throughout
the lift-coefficientrange by comparing the -s of the present investi-
gation since several geometric differences exist other than the angle of
sweep. If it is assumed, however, that, for the midsemispan locations,
the zero-lift flow characteristicsare essentially two dimensional, as
indicated by the ability of two-dimensional theory to.predict the flow
characteristics,some insight is gained as to the effect of sweep. Com-
parison of the zero-lift downwash augles and dynsdc pressure of the
swept wing (fig. 8) with the comparable characteristicsfor the unswept

~ (fig- 10) ~cates that mep has little effect on these parameters.
The differences that do exist are felt to be due to the difference fi
thickness ratios. Examination of the sidewash angles (figs. 8(b)
and 10(b)) indicates that the effect of wing sweep is to induce larger
sidewash angles, at zero lift, in accordance with simple sweep theory.
(See appe~ A.)

.. . .—— —-— ..— — .— -— _ .—
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Effects of Compressibility

In the foregoimg discussion, the flow-field characteristicswe
for the incompressible case. It would now be desirabk to examine briefly
the effects of compressibilityon tbe flow characteristics. Since no
experimental data are available at the higher speeds, theoretical com-
parisons have been made in order to provide at least a qualitative indi-
cation of the effect of compressibility.

The calculated ccmqpessibility.effects, for a subcritical Mach num-
ber of 0.80, on the flow characteristicsat a distance 25 percent of the
local wing chord beneath the midsemispan locstion of the swept w@ are
presented iu figure 1-1’for three conditions. The effect of increasing
the Mach number on the zero-lift flnw characteristicsis to cause increases
in both the downwash and sid.ewashaqgilarities as well as the dynamic-
pressure ratio, slthough the basic-flow structure appears to be relatively
unchanged. In considering Mach number effects for the lifting condition,
as calculated by the f~te-step method, it is convenient to examine the
effects from two standpoints, namely, the case where a is held constant
~ the case whare ~ is held constant. For the constant a case
(fig. 11), the effect of increasing the Mach number is to cause large
increases in the positive and negative magnitudes of the downwash angles
over the complete chordwise range shown and p-iculsrly neu the leading
edge. -Large increases in the region of the leading edge -e also evidant
in the sidewash angles and large decreases occur iu the dynamic pressure
over the leading-edge portion of tbs chord~ however, the rear &) percent
of the chord appears to be relatively unchanged. Some of these effects
are due to the fact that tbe wing in compressible flow at constant a
is generating more U than the wing in incompressible flow. In order
to eliminate these additional lift effects, the effects of compressibility
at constent lift are also presented in figure 11. Ebr this condition,
the negative and positive msgnituaes of the downwash angles sre still
@creased over the fic@ressible conditions. Ih the me of the side-
wash angles, however, although the cmipressible values are slightly -
at the leading edge, they are reduced over the chord proper. The com-
pressible dynamic-pressure ratios still appear to be reduced at the
leading edge, but to a lesser exbent than for the constant a condition,
end are actually increased beyond the quarter-chord locations./

CONCLUDING REMARKS

.

A theoretical amd experimental investigation of the subsonic-flow
fields beneath swept and unswept -s indicates the existence of signif-
icant chordtise grsdients in tbe flow characteristics. These gradients
diminish in severity as the distance from the wing chord plane is increased.
Increasing the U coefficient caused large changes in the local downwash -
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and sidewash augles and in the
wing sweep at zero lift was to

_c-Fesswe ratios.
cause increased sidewash

13

The effect of
sngles.

The theoretical predictions of the flow-field characteristicswere
qualitatively correct in all cases considered, although there were hdi-
cations that the magnitude of the downwash angles tended to be overpre-
dicted as the tip of the swept wing was approached end that the side-
wash angles ehead of the unswept wing were Underpredicted.

The effects of compressibility,as calculated by f?lrst-orderlinear
theory, indicated significant increases in the chordtise variations of
flow angles sad dynamic-pressure ratios for both the zero-ldft and ldfting
cases. The effects of compressibility for the lifting case in w&@h the
lift coefficient was held constant were less severe than those for the
constsnt-angle-of-attackcsse.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

La@ey Field, Va., April 26, 1956.

..
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AFTENDIX A

12ETAICJZDTHEORETICAL CONSIDERATIONS

The purpose of this a~endix is to present a more detailed descrip-
tion of the calculative procedure described briefly in the text.

The flow is assumed potential and planar, and, hence, the effects
of boundary-layer separation and the rolJ.3ngup and displacement of the
trailing vortex wake are neglected. The effects of the presence of the
fuselage have been neglected (see fig. 4) for the lateral locations of

(/ )present titerest y ~ = 0.7 and 0.75 . I!@ regions closer to the ~e-

Iage, however, its presence may be considered by methods similar to those
reported in references 4 end 7.

A wel&establS.shed practice in two-dimensional-airfoiltheory is
to consider independentlythe effects of thickness and the effects of
singleof attack (ref. 19). The present paper also employs this procedure
in deterdxdng the fl.uw-field characteristicsbut ,includesin the non-
lifting case first-order three-ctbnensionaleffects incurred either by
sweep’or taper or both; and in the lifthg case, both spsnwise and chord-
wise distributions of vorticity are considered in an approximate manner.

Nonlifting Case
.

In two-dimensional flow, the nonlifting or thiclmess-inducedper-
turbation velocities are primsrily a function of thickness distribution.
These perturbation velocities, that is, downwash in the vertical direction
and backwash in the chordwise direction, may be calculated either by con-
formal mapping techniques, as reported in references 12 to 14, or by use
of the appropriate singularity (source sink) distribution, as reported in
references 5 ti 15. .

~ three-dimensionalflow, the problem of deterndning the perturba-
tion velocities in the field ‘surrounMng the wing becomes considerably
more complex and requires, &n rigorous form, a representation of the wing
by an infinite number of sbgulsmi ties which must be Integrated over”the
wing surface (refs. 8 to.U).

Examination of the extensive theoretical timstigations of the zero-
lift longitudinal or backwash velocity distributions on unswept and swept-
back wings reported in references 8 to 11 indicated that it is necessary
to determine only the three-dhnensionsl effects incurred either by sweep
or taper or both, since the isobars tend to be parallel to Unes of con- .

stant percent thickness (for regions not very close to the wing root or
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tip) and since the effect of aspect ratio on the local velocities is
negligible (ref. 9) for the aspect ratios considered h the present
paper. 3h viewof the foregoing discussion, the followlng development
(zero-lift case) will beprimerily twodimensional inndture sndwi~
generally consider swept wings by use of simple sweep theory (ref. 6);
but the procedure wig also be applicable to unswept wings.

~ original contribution of simple sweep theory (ref. 6) was to
indicate a geometric device by which the critical Mach number of -s
could be raised. Reference 6 points out that the-wing pressure distri-
bution was chiefly a$fected by the velocity component riormalto the lines
of constsnt percent thickness. In determidng thb zero-lift or thickness-
induced velocities of a swept ~, it is, therefore, necessary to’con-
sider the thickness distributions of the airfoil sections normal to the
lines of constant percent thickness. These airfoil
after be referred to as normal sections in order to
from the stresnwise sectio=.

The geometric characteristicsnecessary fi the
thickness-induced velocities is shown for the swept

sectims will herein-
differentiate them

calculation of the
wing of the present

investigation in figure 12. The streamwise chord locations at which the
flaw-field characteristics are desired are indicat@ by the data points.
The normal sections were assumed to be two &hensional and, therefore,
the perturbation velocities generated by these sections, h conjunction
with the reduced velocity coqmnent V cos A could be calculated by
either of the two-dimensional-flowtechniques mentioned previously (con-
formal mapping or singularity solution). For the pofits ahead of the
wing leading edge, the sweep engles of the normal sections generating
the perturbation velocities at these points (as indicated by the dashed
l.ilnesin fig. 12) were asswned constant and equal to the sweep angle of
the leading edge.

Since the perturbation velocities along snd perpendicular to the
chords of the normal sections (~ and w, respectively) have been deter-

&d, it is now necessery”to determine the components of these velocities
re~tive to the stresmwise chord (fig. 12). The downwash velocity w
remains unchanged since the effects of the increased n6rmal-section thick-
ness ratio relative to the stresmwise-sectionthickuess ratio sre canceled
by the reduced normal veloci~ component. The normal-section backwash
velocity ~ must, however, be added to the normal-velocity component

V cos A (fig. 12). These vectors are then comldned ~th the paraUe”l-
velocity component V sti A.’ This vector sddition (fig. 12) determhes
the direction of the resultant-velocityvector VR relatzye to the free-

streem direction. This resultant-velocity direction is seen to be toward
the plane of symmetry for regions of supervelocity (VR > V) and tuwsrd the
wing tip for regions of sutwelmcity (~< V).

The backwash and sidewash perturbation velocities relative to the
free-streem direction are (from the vector disgram of fig. 12)

. -—— ...-...— —————.—-— —-— - ..---- —.— -—--—.
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u= x cos A (Al)

v= Un SiII A (l@)

and.the flow angles in the vertical”and lateral tiections are, respec.
tively,

u =- tad *= - tan-l Z A

1+; 1+ ~

Kl!hedynamic-pressureratios are defined by

or, since

(+ -I- +) << (v+ U)2

then

‘ (A3)”

(A4)

(A5)

(A@

IIIthe foregoing development, it was assumed necessary, because of
wing taper, to determine the thiclmess distributions of each of the sec-
tions normal to the Umes of constsnt percent t~asss A then to calc-
ulate the perturbation velocities generated by these sections. It iS
obvious that ~ of this assumption WUUM entail a prohibitive
smount of coqutational labor. In order to reduce the computations to
practical proportions, it is necesssry to titroduce certain simplifying
assumptions. It was, therefore, assumed that the given tapered swept

. . . . . .— —.— -. ___ .—...— —____ — -—
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wing could be replaced by some equivalent
wing. The effects of wing taper would be

17

infinite-span, swept, untapered-
retained, however, h using the

coriiectlocal sweep anglei ti-ecptions (Al) end (M).

In order to evaluate the changes in the sirfoil thickuess &tstribu-
tion incurred by the foregoing assumption, the thickness distributions
of the normal sections (as indicated by sections 1 to 7 in fig. 12) were
determhed and were found to have maximum thickness ratios of ‘7.45to
7.7 percent. These thickness distributions were then compared with the
thickness distribution of the stresmwise airfoil section which was
increased so that its msximum thiclmess ratio was equivalent to the
average maximum t~ckness ratios of the normal sections (7.6 percent).
This compariam is presented in figure 13. It is evident from this fig-
ure that wing taper causes some smalll.variations in the thickness dis-
tributions, particularly over the rear portion of the chord; however,
when consideration is given to the fact that the maximml surface velocity
induced on au NACA 65Ao08 airfoil section is ody of the dkr of 10 per-
cent greater than the free-stresm velocity (for zero lift, see ref. 20),
it may safely be assmed that these differences in thickmess distribu-
tions, due to wing taper, are negligibk.

Since it has been shown that the given swept @g qan be approxi-
mated by an inftiite-span, swept, untapered wing without incurring any
appreciable Ufferences in the -oil- section thickness distributions,
some useful relationships‘betweenthe assmed infinite-~pbn, swept, unta-
pered wing and a infinite-spau,unswept, untapered w3ng should be noted.

Comparison of an infinite-span, swept, untapered wing with an
iml?inite-spaa,unswept, untapered wing of the same streszmcl.sethickness
ratio indicates that the normal-section thichess ratio of the swept wing
is increased by l/cos A relative to the stresmwise section and that
the normal component of the ~osed veticity is decreased by cos A.
(See the foXlcndng sketch.)

v cos A

I

J
I

. . . . . ________ ___ ——. — --- ——— —— .- .—. .—
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It cm, therefore, be reasoned that, since the perturbation velocities
are ltiear functions of thickness, for small thickness ratios (as indi-
cated by an analysis similar to that of ref. 21), the increased thickness

effects
(~~)

are canceled by the reduced velocity V cos A. The

perturbation velocities relative to the normal section of the swept wing
are then a~roximately equal to the perturbation velocities relative to
the streamwise section of the unswept, untapered wing; that is,

where ~ is the backwash velocity generated by the stresmwise thickness

distribution in two-dimensionsJ flow with a free-stresm-.
to

as

The

v.

Eqyations (Al) and (A2) may now be rewritten as

u= ~ cos A

v= us sin A

the flow sngles given by equstions (A3)

-c-pressme

valocity equal

*-1 w/v
E =

-. ~ cos A

(A8)

(A9)

and (A4) may be rewritten

.L+—
v

us sin A

tin-l v
G =-.

1+
us cos A

v

ratio is now

qz ( )–$= 1+=2% v

(Ale)

(All)

(AM)

.-,

..-
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ThE present paper utilized the shgulsrity-distribution method of
reference 5 in order to .calculate the two-d3mensionslperturbation veloc-
ities in the field surrounding the NACA 65A-series airfoils of the swept
and unswept wings. These velocities were then modified’by the use of equa-
tions (A8) and (A9) to account for the three-dimensional-flaweffects of
either sweep or taper or both. The calculated velocities.induced at the
midsemispsn location of “theswept wing at zero lift are presented in fig-
ure 14, and the flow-field parameters determined from equations (KU))
to (A12) are presented in figure 7(a) for co~arison with ~erhent.

.

Lifting Case

The general practice of accounting for the ~ UPt-tiuced veloc-
ities, by employing a single lifting line (approximatedby a number of
horseshoe vortices), becomes increasingly inaccurate as the vortices are
approached. (See ref. 1.) ~ order to obtain more.reqlistic values of
the lift-induced velocities for regions close to the wing, a more detailed
accounting of the chordwise distribution of vorticity is reqtied. It
should be noted that, if the actual load distributions are kmwn, they
would probably greatly enhance the accuracy of the calculations. In the
absence of these loadings for the wings of the present tivestigation, the
spanwise lositbgs were determined by the niethodof reference 17 snd the
chordwise load distributions were assumed to be two Mmenpional in shqe
with the local cumulation strength dictated by the spsn-load distribution.

The shape function of the two-dimensional chordwise vmticity accumu-
lation @s is given by reference 16 snd mqy be ~ressed, with a chamge

in variable, as

(lu3)

It was further assumed that this chordwise accumulation could be
approximated by a finite nmba of vortices of equal strength stice the .
stratagem was to determine where possible, the perturbation velocities,
due to the vortices, at potits in the field (b the immediate vicinity
of the local chord) lying midway between any two adjacent vortex locations,
thus effecting some cancellation of the objectionable effects of the single
lifting line.

.

.

. . ..----- --- ___ — —.—. — —— . .. — -
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Integration of equation (A13) gives the chordwise accumulation of
Vorticity as

.

(K14)

.

The chordwise Mts necessary to insure equal circulation strengths
(x/c)l and (x/c)2 must be determined by trial snd error. After these

ldmits sre determined, the centroidal locations of the vortices may be
found by

which upon integration gives

(M.@

A study’ of the number of two-dimensional-flowvortices needed to.
‘apprmdmate the airfoil boundsry conditions, that is> a = -w/Q, in Which
codxlmations of one, two, four, and eight vortices were considered, indi-
cated that one and two vortices were insufficient. Utilization of eight
vortices, of course, was found to give the best approximation of those
investigated, although this was felt to raise t~ computationsto the
prohibitive level. Four chordwise vortices were, therefore, chosen as
the best compromise between required kbor and the approximationof the
boundsxy conditions. The centroidal locations of these four-vortices

_ —. . ... . . -——. ---
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..

were found, from equations
x/c = 0.013, 0.092, 0.272,

approximately

The vortex srrwements thus chosen to represent the wing Plan form
consisted of four cho~wise horseshoe vortices–at each.of 10 =p–&wise
stations. The vortex arrangement assumed to represent the swept wing
is presented in figure 15.

The equations of the I.ift-tiuced perturbation velocities for the
assumed vortex arrangement ~ be expressed as

where Fu, Fv, and Fw

unit horseshoe vortex.

Va–=&--”-g$%v

‘a—=
v

(A17)

(JU8)

(Jug)

sre the geometric functions associated with a

The eqpations of these functions, as given in
reference 16, with the a~rowiate sign c@ges and nondimensionalized
with respect to the semiwidth s of the vortex, are presented in appen-
&k B. The values of these functions over a wide range of distances are
presented in tables III to V.

Since 10 spsnwise vortices were assumed in the present investigation,
the semiwidth of each horseshoe vnrtek is

b
s

‘Z5
(A20)

The cticulation strength r msy also be related to the local section
lift coefficient by

Cxcv
r=—

2
(A21)

----- . ..— —-. -— —---—— .--—. — .. .— —-— - .—— —- .-..
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Eqwxtions (K17) to (A19) may now be expressed as

(A22)

(A23)

(A24)

The LLL’t-inducedvelocities were computed for the wing plsn forms
of the present investigationby use of equations &2) to (A24) by using
the span-load distributions presented in figure 1 as determined by the
method of reference 17. A ssmple calculation of the l.ift-inducedveloc-
ities for each unit of lift coefficient for the sw+t wing is presented
in table II. The velocities induced at several vertical locations below
the midsemispsn location of the swept wing sre presented in figure 17.

A study of the lift-indyced velocities indicated that the downwash
and backwash veticities calculated by use of equatims (A22) and (A24)
(fig. 17) hsd the correct qualitative variation with vertical distance,

.

whereas the sidew&sh velocities did not. Examindion of the sidewash
velocity factor Fv (see eq. (B6)) indicates that when a finite number
of horseshoe vortices sre used the sidewash velocity for smaXl vertical
tistances must a~oach, at the surface, either zero or become infinite,
depending on whether the point of interest lies between the trailing
vortices or &rectly under a trafing-vortex segment. The points of
interest in the present calculations&e chosen midway between the
tmiiling seets of the horseshoe vortices and, hence,”approach zero
as the wing chord plane is approached. ~ realdty, this condition does
not exist since the lateral gradient in l.osdingor vorticity hp~es the
existence of sid.ewashvelocities at the ~ surface. Clearly, then,
sidewssh velocities calculated @ use of the finite-step method
(eq. (A23)), where the sidewash velocity is zero at the wing skate,
would yield.much smaller values for points close to the wing (fig. 17)
than would a meth- accounting for the finite sidewash at the wing
surface.

Unpublished theoretical studies (eqs. (A25) to (At2)) made by
Percy J. Bobbitt of the Langley Laboratory have indicated that a more .
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realistic value of the sidewash
could be obtsined by estimating

23

velocity variation with vertical.distance
the sidewash velocity at the wing chor”d

plane due to the lateral gradient in the velocity pokntial. (ref&red to
herein as the chordtise accumulation of vcmticity) ti, then by fahing
the maximum sidewash velocity in the wing field, as calculated by equa-
tions (A23) and (B6), to this chord-plane velocity. The sidewash velocity
at the wing chord plane may be determined from the lateral gradient in
the chord-e accumulation of vcrrticitywhich may be expressed as

which may be

Va = ag(x, y)

=7 (A25)

nondimensionalized as

(A26)

In the absence of ewerimental. information regarding the chordwise
accumulation of vorticity @ for the wings of the present investigation,
the two+tbnensional vorticity accumulation given by equation (A14) was
assumed. In order that the total circulation of the system be correct,
the total chordwise circulation strengths must be corrected to agree with
the strengths of spsnwise vmticity distribution. Thus, equation (A14)
may be expressed as

Since

WL,te = ‘s

,>

(w)

. . .. ..______ ___ ..-— --——. ... —- ..—. .
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evaluation of equatio~ (A27) at the trailjng edge of the chord
(x/c = 1.0) gives .

rs.c—= —

%: b% -

(A28)

The three-dimensionalvmticity equation given by equation (A21)
ndimensionalized asmay be no

r = 1 Czc-— (w)

m;
A CLcav

TIE two-dimensional circulation strength (eq. (A28)) ~ now be
corrected to the three-dimensionalvalue (eq. (A29)) by defhing a cor-
rection factor K ss the ratio of equaticn-(@)

Multiplying equakion (A27) by the correction

r

tO (A28).

(JW) ,

factor (eq. (An)) gives

1

(m)

which is the assumed chordtise vorticity accumulation“interms of the
correct local total c“ticulationstrength.

An approximate qyression for the sidewash velocity existing at the
wing chord plane may now be obtained by substituting equation (A31) hko .
equation (A26):

.
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(Am)

Inasmuch as it is difficult to ~ress the geometric characteristics
of the swept wing in snalytic terms amenable for use in equation (A32),
the required differentiationmay best be”performed graphically., An illust-
rated example of this procedure is presented for the swept wing in fig-
ure 18, and the manner h which the sidewash velocities existing in the
field are faired to the estimated chord-plane velocity is shown in “
figure 19.

Fhrther studies of the sidewash-velocityvariation with vertical
distance made by increasing the nuniberof spamise horseshoe vortices
also indicated more realistic characteristicsexcept for vertical loca-
tions very close to the wing chord plane. These characteristics have
previously been reported in reference 22 for somewhat different circum-
stances. The effects of increasing the number of spanwise horseshoe
vortices on the variation of sidewash velocity with vertical distsnce
are

may

shown for the unswept wing in fi.gure20. -

The flow-field characteristicsdue to the lift-induced velocities
ncni’be determined by

(JL33)

(A34)

—-. —.—.. —..— —— ..— ——— - —— ——. ._. —
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(A35)

CcinibinedEffects

In order to determine the total flow characteristics,it is nec-
esssry to combine the lifting and nonXlf%ing velocities. The total flow-
field characteristicsmsy be written as

/’+sinA+—- tan- )
:%

u =

(A36)

(A37)

~~

(—=l-i-%3
—cosA+

% v %ll%$+k~r ‘“8)

In order to eMminate errors involved in estimating the lift-curve
slopes of the wings under consideration,the comparisons of theory with
e~eriment were msde at the ssme lift coefficient. A comparison of the
theoretical flow fields with experiment, under M.fWng conditions, beneath
the midsemispan location of the sweptback wing as calculated by eq,,-
tions (A36) to (@) is presented in figure 7(b).

J

.
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3.

Effects of Compressibility

In determining the first-order compressibilityeffects on the flow-
field characteristics,the three-dimensionalPrandtl-Glauert transforma-
tion, as given by reference 18, may be used. The general computational
procedures involved in this transfo?.mationhave been stated very simply
by I&. S. Katzoff of the Langley Laboratory and are presented in the
subsequent discussion:

The incremental velocities at a point P on the surface of a
thin body B in compressible flow may be obttied in three steps:

(1) The x-coordinates of all points of B are increased by

the factor l/~, where ~ .= ~x and where the x-axis is in
the stresm direction. This l&msformation changes B into a
stretched body B t.

(2) The incremental velocities u’, v’,
tion of the x-, y-, snd 5axes, respectively,
B’ correspondingto the point P on B are
B t were in an incompressible flow having the
city as the original compressible flow.

and w’ in the M.rec-
at the petit Pr on
calculated as though
same Xree-stresm velo-

(3) The values U, V, @ w of the increment~ velocities
at the point P on the orighal unstretched body B in compres-
sible flow are then found by the equations

=&u:
u f32

& #
‘=P

(A39)

(AkO)

(A41)

It is pertinent to note that the result of step (1), that is,
stretching the wing chord, causes the transformed wing to have en
increased angle of sweep, a decreased aspect ratio, a &?creased thickness
ratio, and a decreased angle of attack. The relationship between the geo-
metric parameters of the given wing in compressible flow end its trans-
formed equivalent wing in incompressible flow msy be e~ressed as

. . —- — -— —--- .- —.. —. -—- —. ..



.-. .— ____ .__ ._.

28 NACA TN 3738

. x’ x—=.
c’ c

z’ z—=
c’ ‘=

(A42)

(A43)

(A45)

Ag = PA (A46)

A: = ()tan A
tsn-1 —

P

a: = flu

(A47)

~ pertibation velocities in the field due to the transformed
mbg in ficmpressible flow, as ~cated by step (2), msy now be cal-
culated by the methods mentioned pre~ously in this appendix. It shuuld
be notes, however, that, although the chord.wisesnd spanwl.selocations
of interest remain unclumgea in the transformation, as.indicated by
equations (A42) and (A45), the vertical locations of interest move closer
in percent Of local chora to the equivalent tr_fO=a wing chord pkne.
(See eq. (A43).)

M accordance with step (3) of Katzoff’s general directions, the
perturbation velocities due to the transformed wing may now be resolved
tito theti final form by eqpations (A39) to (A41).

.

(A48)

A few specif%c observations, sup@ementary.to the foregoing general .,
proceaure, are appropriate imsmuch as they may somewhat reduce the net-.
esssry computations.

.
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NoQMting case. - If the first step of the transformation, that is,
stretching the plan form in the x-direction, which is shown for the swept
wing in figure 21.,is assumedto have been completed, it maybe observed
from equation (AU) that the thickness ratio is reduced by p. Alsoj if
it is noted from eqmtions (A39) to (A41) that the perturbation velocities
must be increased by inverse functions of ~, it is apparent that some
beneficial (time sawing) cancellation effects might be realized. Care
must be taken, however, that the correct relationship between correspox
vertical locations are used (eq. (A43)).

Iu viewof the foregoing discussion, it is readily seen that the
downwash velocity w remains unchanged since the reduced thiclmess effects
(eq. (AM)) are cauceled by equation (A41). The downwash w at loca-

tion - -1 ~ below the wing in compressible flow is then equal to the
PC

downwash w at a location -z/c below the wing in incompressible flow.
This silmpletransformation of vertical locations is possible since the
downwash~locity at zero lift is independent of the wing sweep angle
(as shown previously in this appendix).

~ the case of the backwash aad sidewazh velocities, although some
cancellation of the thickness effects are realized, a simple transforma-
tion of vertical distances is not immediatel.vpossible since these velo-
cities sre also a
(A9), end (A47)).
tions (A8), (A9),
(AM) that ~’ =

function of the transformeifi sweep angle (eqs. (A8),
Some saving is possible, however, by consider= equa-
(A39), (AM), ad (A47), W ~tm by use of equation
~us, from w~ch the following may be deduced:

v=u@A=

Us COS A COS A1
u=——

P cos A

(A49)

(A50)

where again the correspondingvertical locations in compressible and
incompressible flow (as given by eq. (A43)) must be observed.

With the perturbation velocities now deterdned, the flow-field
characteristics in compressible flow, for subcriticalMach numbers, for
nonMdW.ng conditions msy be found by equations (AIO) to (A12).

The calculated ftrst-order zero-lift compressibilityeffects, for
a subcritical Machxuzmber of 0.8, on the flow-field characteristics
beneath the midsemispan location of the swept wing sre pres~ted in
figure Xl..

.-. . — .-—. ... . . . .-— .—— — _.. ._. —.—. ——c ——.. .—. — —— -. -
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Lifting case.. In calculating the effects of compressibilityon the
lift-induced perturbation velocittis, it is necessary to follow only @e
general outlined procedure. Yhe perturbation velocities at corresponding
vertical locations (given by eq. (A43)) may then be expressed, by use of
equations (A22) to (X24) and (A39) to (A41), as

‘a 1 ‘at—=-—
VCL p VC!L’

(A51)

(A52)

(A53)

If comparing the effects of compressibilityon the flow-field char-
acte??isticson a constant a basis is destiable and the calculations
“areperformed on the basis of uuit lift coefficient, as it is genersllly
convenient to do,”some care must be exercised in the lift-coefficient
reduction in order to obtain th proper a.

Since

then substituting equation

where
(%)

‘ is the

wingandisnot tobe
slope.

(%J%1 = ‘u’

(A48) into eqwtion (A54) gives

CL: = (c&)’pa

(A54)

(A55)

lift—curve slope of the equivalent transformed

confused with the true compressible lift-curve

.1

.

...——-- . . —-
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The equations for the perturbation velocities (A51) to (A53) for a
constsnt a comparison may now be

()

%

7 a=Constant

()
Va
—

e~ressed by

1 Ua’
-—

(%) ‘a
‘~%’

()”TTa

T a=constsrit
= &(%)’a

(A56)

(A57)

(A58)

The calculated compressibi~ty effects, at con&ant a, on the flow-
field characteristicsbeneath the midsemispsn location of the swept wing
calculated by the aforementioned equations and combined with the zero-
lift perturbation effects are presented in figure 1.1.

If it is desired to deterndne the calculated effects of compres-
sibility on the flow-field characteristics on the basis of constant lift
coefficient, it is necessary to decrease only the lift-induced perturb-
tion velocities at constant a, as given by equations (A56) to (A58), by
the ratio of the incompressible lift-curve slope to the true compressible
llft-curve slope.

The compressible lift-curve slope of the swept wing used in the
present paper was determined from the eqpation

cl A

%,M =

This expression,

r
(A59)

which was developed by Edward C. Polhemus of the
-y MOratory h 1949, is m impr&ed ~sion, with regard to low
aspect ratios and compressibilityeffects, of that presented in refer-
ence 23. Another, but somewhat more complicated, form of this equation
haa been independently developed ~ reference 24. With regard to the

. .... ..._ ___ ___ .. . _ .—— -.. —



use of the sweep of the W-chord U in eqyation (AZ), a recent
unpublished analysis by Polhamus indicates that there is little effect
of taper ratio for wings hawing the ssme half-chord-line sweep angles.

The calculated compressibili~ effects, at constant lift, on the
flow-field characteristicsbeneath the ml.dsemispanlocation of the swept
~ are presented in f&yrce 11.

.
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APPEWOIX B

DOWNWASH, SIDEWASH, AND BACKWASH FUN(X!IONHDUE

voR&

end velocities
unit horseshoe

TO A UNIX’HORSESHOE

The positive directions of distances
mining the induction characteristicsof a
definea in the following sketch:

used in deter-
vrnrtexare

z/s

/
r

r

x/s

\r

Downwash Equation

induced at a point in space is given by theThe downwash velocity
fol.lowingeq=tion:

(Bl)

. . . .. .- —-— —--—. —--—- -—— — ——- -— —- ---
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where

NACA TN 3738

Fw =

1
EFFFF7J-

—- 1
s(:Y&()[

1+

+ 4L12
s

At— 1

(B2)

Some identities, due to the symmetry of the aforementioned equations,
which ticrease the useful rsnge of table III sre given by

(s3)

.
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(B4)

( )1.FWAHWAZ.— —9-7
B’ S

J

Sidewash Equation

Th~ sidewash velocity induced at a point in space is given by the
follow3ng equation:

Va r~—=—
v Mm v

where

t- 1

Fv=-

Az A— —
s

1+
s

r I+
(:)w-q (m:r+(-r]

AZ

[.

Ax
7

11-
-ir 1

(B5)

(B6)
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Some identities, due to the symetry of the aforementioned eqpations,
which increase the useful range of table IV sre given by

.

(w)

.

The backwash veloci~
following equation:

Backwash Equation

induced at a point in space is given ~ the

%_ r
“y-~vs% (B9) .

.
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where

37

4%,
Fu = s

.

f

(B1O)

.

Some identities, due to the symetry of the aforementioned equa-
tions, which increase the useful range of table V are gi~ by

.

1/*

.

“

(Ax & )}=,u T, -s,-+

( )J,U :, $ &i=-
S

(m)

“(-).
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- .01503 .01440 .01261 - .02900 - .00741 - .oo61a - .00510 - .00429 - .w3i3

-12,00 - ,00683 .00669 - . wma - . W$79 - .00519 .00459 - .00404 - .00354 -
-14.00

●00311 .00274. - .0W?42

- .00504 .00496 - .00475 .00445 - .00406 - .00370 - .00332 - .00287 .00266 -

-16.00 - .00367 - .Oowa - .00370 -

.00237 - .00213

;jo;g - .oo3a7 .00302 - :o~: : :J&: -
-18.00

, Qoaa8 - .00206 -

- .00306 - .00304 - .00296 - .00266 - .Q0850 - .00197 -

.Oolm .

.00233 :

.00180 -

,-20.00 - .00246 - .00247 -

.00165

.,oCa41 .00222 - .Ooaio - .00197 - .00184 - .00171 .0019s - .00146,

&

,



r
4/6

da

+ .00
+ ●2O
+ .40

. + .60
+ .80
+ 1.00
-t 1.40
+ 2.00
+ 3.00
+ 4.00
+ 5.00
+ 6.00
+ S*OO
+12.00
+i4.oo
+16.00
+18.00
*0.00

TABLE III. - KMWL4SH FACTOR Fv FOR VARIOIE VAUJE6 OF Az/s - Contlmed

(c) fvJ/s = *1.X

r
.

● 00
- ●2O
. .40
- .60

- ~:~.

- 1.40
- 2.00
- S.oo

- 4.00
- 5*OQ

- 6.00
- 8.00
-12.00
-14.00

-16. O+J
-1s.00
.:2UQ9

to 44 t4 +6 ta I +10 +32 ●III . +16 +12 +23

1
+ .61534 -
+ .77954 -

+ .92243 -
+ 1.0s170 -
+ L. M5’10 -
+ 1.21240 +
+ 1.28421 +
+ 1.310i7 -
+ 1.29524 -
+ i.27633 -
+ i.26333 -
+ i.zsam -
+ i.245i7 -
+ i.23746 -
+ i.n3574 -
+ 1.23460 -
+ i.233Ei -
+ i .23324 -1

.04i03 -

.02525 -

.oi857 -

.00962 -

.00346 -

.00040 -
.00i76 -
.00602 -.

.02940 -

.04i20 -
.052i2 -
.05952 -
.06S23 -

.07549 -

.077i6 -

.07227 -

.07904 -

.07960 -1
.023is-
.0264i -
.02964 -
.092S4 -
.O%oi -
.Owis -
.i052i -
. i i372 -

. i2526 -

. i3524 -

. i4222 -

. i4736 -
. i5400 -
.i60i5 -

. i6 i67 -

. i6270 -

.i6343 -
. i63% -1

.04690 -

.04634 -

.04977 -’
. .05i20 -

.0526i -

.w40i -
,05675 -

.06066 -

.0665i -

●07i43 -
.07544 -
.97866 -

.00325 -

.022io -

.0294i -

.09033 -

.06095 -
●09i49 -1

.02242-

.029i6 -

.02964 -

.0s052 -

.031L9 -

.03if16 ?

.06319 -

.035il ?

.Wsil -

.04078 ?

.04310 -

.04909 -

.042i6 ?

.05i84 -

.072?a -

.0537i -

.05430 -

.05474 -

.Oilm -

.0i923 -

.oi939 -

.oi9% -

.02r432 -

A2$; -

.02247 :
.02419 -
.02570 -

.Q271i -
y:; -

.0331s :

.03406 -

.03472 -

.035a3 -
.03563 -

.oi334 -

.0i356 -

.oi377 -

.oi3v9 -

.oi42i -

.oi443 -

.0i4S6 -

.oi549 -

.0i65R -

.oi749 -

.ois39 -

.Oiwa -

.02064 -

.02268 -

.02338 -

.02393 -

.02437 -

.0247i -

●oo99i -
.oioo5 -
.oioi9 -
.oio32 -
,0i046 -

.oio60 -

.01022 -

.0ii29 -

.0ii96 ‘-

.oi260 -

.oi3ao -

.oi377 -
;:;:;: -

-

.0i666 -

.oi73!2 -

.0i768 -

.0i798 -

.00764 -

.00773 -
.007s3 -

.00792 -
.00802 -
.oo8ii -

.00630 -
.00258 -
.00203 -
.00547 -
.00290 -’
.Oioso -

.oiio3 -

.0i2i9 -

.oi264 -

.oi30i -

.Qi33a -
.oi352 -1

.00606 -

.oo6i3 -

.oo6ao -

.00624 -

.00633-

.W640 -
.00653 -
.00673 -

.00705 -

.00737 -
.00767 -
.00797 -

.Oovi -

.w94i -

.00977 -

.oioo7 -

.oio33 -
.oio55 -

G
.00498
.00903

.0090s

.005i2.

.oo5i7

. W527

.00542

.00565

.005s9

.oo6ia
.906s4

.00675

.00745
.cq774
.00799

.ow2i

.oC#40

+ ,6i3311 - ,04i03 - .063is -
+ .45123 - .05260 - .07995 -

.04620 - .WK3S - .oi826 - ●oi334 - .oo99i - .0076iI - .00606 - .W493

+ .30232 - .06342 - ,07672 -
.04546 - .02780 - .oi649 - .0i3i2 - .00977 - .00754 - .006W - .00466
.04403 - .027il - .oiaia - .oi290 - .0@63 - .00745 - .00593 - .Om

+ .i7907 - .07223 - .07352 - ;:W6: - Jx# - .gi776 - , oia68 - .W49 - ,&)735 - .oo5g6 - ,lJ~7g
+ .06507 - .07657 - .07035
: A&: - .0624s - .06723 -

.oi739 - ,01247 - .0093s - .00726 - .W5.SO - .00473
.03979 : .02505 ; .oi703 - .oi225 - .009ai - .00717 - .CQ573 - .0046.2

- .0K581 - .06ii5 .03706 - .02377 - .01631 - .Oilsa - .W3 - .0062s . . Q()%o - . W499
. *0794Q - .07604 - .05264 .033i5 - .02i84 - .oi525 - .Oiiis - .W252 - . W670 - .00540 - .00444
- .06447 - dm$; - . 0405i .W729 - .Oi S85 - .01357 - .0iO16 - ,00726 - .02.624 - .00507 . .mo
. , 04s% -. .031i2 - .02237? .0i618 - . oi20i - .om19 - .00722 - .00560 - .00476 - .00397
: ALnf - ,02693 - .w4i4 .0i236 - .Qixw - .oio60 - .- - .00661 - .0053s - .00445 - ,90374

.02254 - .oi900 - .o15i4 - .01167 - ,00935 - .00746 - .00605 - .00498 - . 004i 6. - .00352
- .oi440 . oi322 .0i236 .oio5s - .00679 - .00727 - .00603 - .W504 - .oo4a5 - .003G! - .oo3il
- .0M69 - .0M56 - . Owai .00570 - .oo5i2 - .00454 - ;~4g - .00351 - .0030s - .0M72 - .00240
- .00497 ? .00469 ,00466 .00439 - .00404 - .00366 - - .00295 - .0 CF?64 - .0m36 - .Ooaii
- .00323 .00376 .00366 .00347 - .oo3a5 ? .00300 - .W274 -
- ●OW04 .oo30i .00293 .Omsl -

.00230 - .W227 - .gmo5 - .ooi26
.00266 - : OWOJ4? - .0023i - .0Q2i3 - .00i96 - .wi79 - .00164

.- .00347 : SOO?49 .. Q0290 :- .0w3i f .o*i : .wi96 - .~i83 - .Ooi?o -. ..oai57 - .00i46 -

t

I

8 t
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TAELE III. - DOWNWASH FAC!I?OR Fw “FOR VARIOW VALUFS OF Az/s -

(d) Az/s = t2.00

I

*

+ .00
+ .20
+ .40

+ .60
+ .80
+ 1.W
+ 1.40
+ a.oo

+ 3.00
+ 4.00
+ 5.CQ

+ 6.00
+8. CKI
+12. w

+lh.oa
t16.00
+lS.oo
‘U20.oo

CkxrMnued

I I 1
+0. +2. +4. +6. t2* +40. +12. +14. +i6. +1s. +=20.

+ .40000

1

+ .47974 i-
$ H; $

+ .67994
+ .72660

+ .79034

+ .23333
+ .E4407
+ .23644
+ .22211
+ .22167
+ .81356
+ .8065S
+ .80467

+ .80377 +
i- .80300 +
+ .00244 +

I1
.03077
.04461 -
.09816
“.07033 .
.06W4
.0s950 , .

.10132 ?

.10794:

.10394 :

.0953s .

.06760 :

.06202 :

.07460

.06793 ;
.06634 .
.06527 .
.06451 .
.06366 .J
.05s% -
.05993 -

.06152

.06311

.06471

.06634

.W%2

.07457

.02247

.06930

.09462

.0991i .

.10494 .

.11065

.11211 .
.11310
A;::: ;

-

.oio34 -

.04146 -

‘.04258 -

, .04370 -

. 044s0 7

.04590 -

~:gg :

.05595 -

.06006 :

A& :

● 07054 ?
.07510 :
.0763s :

.07725 :

.07790 ?

.07666 -

.&2619 -

.02672 -

.02739 -

.02796 -

. 0265s -

.02917 -

.03033 :

.0s203 ?

.03469 :

.03708 :

.03919 :
.04101 ?
. 0436s :
.04737 :
.04241 y
.04918 :
.04976 :
.05020 :

.01766 -

.01822 T

.01856 -

.01s90 -

.01923 7

.01957 :

.02023 -

.02121 -

.02277 -

.02421 :

.02553 ,

.02671 -

.02s6s :

.03130 7

.03215 ?

.032s0 :

.03s0 :

.03?69 ?

.01266 -

.01306 -

.01327 -

.01347 -

.01S8 -

.01388 -

.014ss -

.01469 -

.01587 -

.01679 -

.01764 -

.01843 -

.01980 -

.02177 -

.02246 7

.02300 -

.02342 -

.02377 :

.00964 -

.0097s -
.00991 -
.01004 -
.01016 -
.01031 -
.01058 -
.01097 -
.01161 -
.01223 -
.01261 -
.0133) -
.01433 -
.01582 -
.01637 -
.01661 ?
.01717 7
.01747 7

.00748 -

.00757 -

.00766 -

.00776 -
. 007s5 -

.00794 -

.COslz -

.006s9 -

. WBS3 -

.00926 -

.00%7 -

.01006 -

.01077 -

.01191 -

.o1235 :

.01272 -
.01302 :

.01323 ?

.00597 -

.00603 -

.00610 -

.00616 -

.00623 -

.00629 -

.00642 -

.00661 -

.00693 -
.00724 -
.00754 -
.06763 -

.00836 -

.00924 :
. 0095s -
.00989 -
.01015 :
.01037 :

hooo;:f

.00496

.00501

.04506

.00510

.00520
Al&J

.005s1

. W603

.C9624

.00665

.00734

.00763

.007s6

.ooao9

.00223,

J

I
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TABLE III. - DOWMWMH FACTOR Fv FOR VARIOW VALIJEs OF &/S - Continued

(e) Az/s = *.W

\l
&/u

&fu
+0

I
42

I
4

I
+6

I
+6

I
+30

I
+12

I
+14

I
+16 I +1s I*

1
+.00 +
+ .20 +
+ .40

+ .60 :
+ .ao +
+ 1.W
+ 1.40 $
+ 2.00 +
+ 3.00
+ 4.00 :

+ 5.00 +
+ 6.00 +
+ 6*OO
+12.00 $
+14.00 +
+16.00 +
+18.00 . +
+aO. w +1

.27526 +

.319s5 +

.36225 +

.40167 +

.43710 +

.46795 +

.5155 +
t.556 0 +

.57676 +

.57927 +

.57506 +

.51073 +

.56429 +

.55202 +

.55647 +

.55542 +

.55468 +

.55kL4 +1
.05s79 -

.07125 -

.08333 -

.09466 -

.10503 -

.11420 -

.12867 -

.14146 -

.14703 -

.i443a -

. i39a7 -

. i3574 -

.12973 -

.12376 -

.m226 -
; p;? -

.11998 -1
.03672 -
.03704 -

.03736 -

.03772 -

.03aii ?

.03856 -

.03960 -

.0M59 -

.0457 t -

.05009 -

.05406 -

.05746 -

.062S9 -

.06757 -

.06S95 -

.06990 -

.07059 -

.07110 -1
.03?,30 -
.03410 -
.03490 -

.03570 -

.03650 -

.03729 -

.03S86 -

.04116 -

.04479 -

.04205 -

.0506a -

.05331 -

.05696 -

.06119 -

.0623S -

.06324 -

.06327 -

.06434 -

x
.02
.02
.02
.02

.Q2

.06

.02

::

.W

.3

.83

.04
..04

.04

.04

.041
‘s4 -
,05 -
,55 -
’05 -
’55 -
,05 -

’03 -
:47 -

175 -
H3-

69 -
i31 -

:P2 -
!19 ?
i19 :

i94 -

149 -
192 71

.0i671 -
,01701 -
.01732 -
.01762 -

.01792 -

.01622 -
,01s82 -

.01970 -

.02iil -

.02243 -

.02364 -

.02473 -

.026% .

.02905.

:8!:% :

.0309s -

.Q31q6 -

1

.01224 -

.01246 -

.01265 -

.01284 -

.01303 -

.01322 -

.01360 -

.01416 -

.01507 -

.01593 -

.01673 -

.01740 -

.01077 -

.02066 -

.02132 -
.021s5 -

.02227 -

.02260 -1
.00931 -
.00644 -
.00957 -
.00970 -

.00682 -

.00995 -

.01020 -

.01056 -
.01118 -

.01177 -

.0M32 -
.01225 -
.01376 -

.01522 -
.01575 -
.01619 -

.01654 -

.01663 -,1
:glo~ -

.

.0Q746 -

.00755 -

.00764 -

.00773 -

.00790 -

.0W16 -

.006s9 -

.00200 -

.00939 -

.00977 -

.01046 -

.01156 -

.01199 -

.01235 -

.01265 -
.01290 -1

mooo:; -
.

.00597 -

.00603 -

.00610 -

.00616 -

.00622 -

.00647 -
.00678 -
.00706 -

.00737 -

.00765 -.

.00616 -

.W902 -

.00937 -
.00967 -

.00992 -

.01013 -

.00478

.cw123

.00468

.00492
,00497
.00502
.W511
.00525
.00ME
.00570

● 00592
.00613
.006s3

.00720

.00748

.00773

.00794

.CQB13

I . , . m ,
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TARLE III. - CO’WNWASH FACIQR Fv FOR VARIOIE VAILIM OF &/S - C!authued

(f) AZ/s = *3.(X)

I



[

4/,
&/m

+.00.
+ .23
+ ..,W
+ .60
+ .m
+ i .00
+ 1.40
+ 2.00
+ 3*W
+ 4.00

+ 5.00
+ 6.00

. + S.oo
+12.00
+ia.oo

.+16 .04
+1 6.00

,+20.W

TABLE 111. - DOWNWASH FAC?l?OR Fw liUR VARIO1.H VALUES OF Az/s -

(g) AZ/s = *4.00

I I I I
‘m. I +2. I +4. 1 +6. 1 t2. I +10.

-!- .11765 + .06118 + .00195 - .oi@6 - .o~~~ - •ol~49
+ .12.939 + .06758 + .00XM - .ol~o - ●01513 - ::;yg
+ .140% + .07362 + .W447 - .ol~~ - .o~~b -
+ .15219 + .0KI09 + .00570 - .01440 - “ 901556 - .01305
+ .1622S + .02597 + :~06m~ - .01445 - ●0157S - :::;g
+ ,17311 + .09159 + - .01432 - .016W -

+ .191’28 + .10176 + “*O1OO7 - .0146’6 - .oi643 - .o13@

+ .21264 + .113% + “ .01257 - ●01495 - .01709 - @~~~
+ ‘ .2.3395 + .1265i + .0i506 - .oi565 - .Oigis - .oM25
+ .24309 + ●i3i99 + .oi52a Y .0i65’f - .01=5 - .Oieii
+ .24605 + .i3s57 + ●oi547 - .oi763 - ●O== “ .0i622

+ .2463i + .i3339 + JJi458 - 901273 - :g;g - .o1769
+ .24444 + .i3i34 + ●oi240 - •o~7S -
+ .2A073 + ●i277i +

.01903

.04)904 - .02372 - .0254i - .02 im

+ .239!I!I + .i2656 + .00797 - .0!2467 - .02624 - .02i69

+ .23s59 + .i2572 + .007 i7 - .025~9 - .O=m - .02224

+ .23606 + .i2509 + .00656 - .02594 - .o~36 - .02267

+ .23758 + .i2462 + .oo6i~ - .026S6 - .o~75 “ ●0233’3

, - .00
. .20

,.40
.60

- i:%

7 i.40
-2.00
- S.oo

- 4.00
- 5.00
-6.00
- 6.00

-ia.oo
-i4.oo
-i6.00
-i61. oo

-m .00 1
.06iis
.05478
.04646 -
.04230 -
.03639 -
.03076 -
.02060 -
.W840 -

.oo4i6

.00%3 -
J)l);g -

.00s96
.w536 -’

.oo42i

.00s37

.00274

.00227 -1
.00195 -

.00062 -
.00097 -
.ooi79 -

.0029s -
.Oohii -
kO06i7 -
.00s67 -

.0iii6 -

.oii9i -

.oii27 -
●oio47 -

.ob649 -

●w5i3 -
.00406 -
.CKmn -
.00268 -
.00223 -

Continhed

+iih
I

+i4.
I

+i6.
I +ia.

I
+20.

.

.

.

.

-
-
.
.

.

.

.oim2 -
.0iO16 -
,oio30 -
.oio44 -
.Oiom -,

●oio7i -
.01092 -
.oli40 -
.0i~6 -
.oi270 -
.oi33i -
AMWJ -

.01647 :

.oi705 -

.oi75i -’
●oi769 -
.oisi9 -

.00203 -

.oosi3 -
,00623 -.
.00633 -
.00643 -
.00853 -

.00273 -

.00603 -

.00952 -

.00922 -

.01044 -

●oio26 -
.0i164 -
.oi227 -
,oi334 -

.Oirn -

.0i406 -

.oi433 -

●0.0650 -
.0069S -
.00665 -
.00672 -
.006W -
.00667 -

.00702 -

.00724 -

.00759 -

.00794 -
.Ooms -

.00260 -
,oo9i9 -

.oioi7 -

.oio55 -

.oio66 -

.0iii6 -

.oii39 -

E!‘1
.oi426 -
.oi42i -
.Oi 4’i7 -

.oi4L2 -

.0i406 -

r
.Oi o -
.Oi 25 -

.oi334 -
,oim7 -
.oii95 -
.oio69 -

.00979 -

.00774 -

.00460 -
.0Q385 -
.Wsis -
.0025S -
.002i6

.oi49i -

.0i469 -
.oi447 -
,0 i 426 -
.oi404
.oi362 -
.oi33s -
.oi273 -
.0ii64 -
.Oion -
.00954 -
.00256 -
.00685 -
,00440
.00356

.llxw5 -.
.W245 -
.m?07 -

●oi242 -

●oi230 -
.Oiaiz -

.oii93

.oii74
-
-

.0ii56 -

.oiii9 -

.0i063 -

.CQ974
A-mm

-

-
.00206 -

.00730 -.

.005% -

.0039s -

.00329 -

.00274 -
.oo23i ,-

●00 i%

.oioo2 -

.009ss -

.00974 -

.Oo%i -

.00947 -

.00933 -

.00905 -
.00265 -
.0079LI -
.00734 -
.00673 -
.006i6 -
.oo5i4 -
.00397 -
.00300
.00253

.002i6 -

.ooi25 -

.00 iQ3 -

.00793 -
.00723 -

.00713 -

.00763 -

.00753 -

.00733 -

.00703 -

.00654 -

.00607 -

.00962 -

.00%20 -

.00442 -

.oo3i9 -

.00272 -

.00232 -

.00200

.ooi73 ~

1
.W165Q-

● .00643 -

.00636

.00622

.oo62i

.oo6i3

.00599

.00577
;~;~l

1

.00473 -
.oo44i

.oo3si

.00284

.00245

.002i3

.Ooiss

.0Qj62

.00534 -

.0052S -
.00523 -

.oo5i7 -

.Ooslz -
..00307 -
.004% -
.00479 -
.m452 -
.00426 -

.oo40i -
.00376 -
.00330 -
.00253 -
.2Q22i -
,ooi94 -
.Ooi’ri -
.ooi50 -

.00445

.00440

.29436
..00432

.00428

.00424
,.oo4is
.Ca403
.00322
.00362
.00543
.00324

.W 62
:g~

.ooi77

.mi57

.Ooim

L I I I I I r , L
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TABLE III. - DOWNWASH FACTOR Fw

(h)

FOR VAFUOIE VALUES OF AS/S -

AZ/s = %.00

continued

w
1

I



!J!A3?LEIII. - DOWIiWA.SHFNXOR Fw FOR VARIOIE VAJNH OF Az/s -

(i) AZ/B= f8.cm

2?4 +0.1 +2.1 id +6.1 I.aol +m.

+ ●OO
+ .20

+ .40
+ .60
+ .Ko

+ 1.00
+ 1.40
+ 2.00
+ 3.00

+ 4.00

+ 5.00
+ 6.00
+ 6*OO
ti2.oo

+14.cJo

N:%
140.oo

.03077 +

.03231 +
.03324 +

.03536 +
.03686 +
.0?s34 +
.04122 +
.0M26 +
.05105 +

.05956 +
,05ss3 +

.06 10E +

.M345 +

.06429 +

.06310 +

.06383 +

.0635s +

.06330 +

.02571 +

.02700 +

. 02S29 +

..W996 +
. Owaa +
.03207 +
.03449 +,
.03789 +

.04260

.04664 +
s 04946 +

.05141 +
.0534s +
.054i6 +
.09397 +
.05370
.05343 +
.05318 +1

.01908

.01567

.01666

.01744

‘.oia21

*O 1897
.0 f#246

.02256

.02564
,02s09
.02992
A03121
.03298 +

.03292 +

A03269 +
-03242
a03215
A03 190 1

.00577 +

.00614

.00652
.00669
.00726 +

.00763

.00834 +
.00935 +
AO 1026 +
A01207
.01299 +
.01364

.01430 ‘!-

.0 M26 +

*oi40i +
.0 i373 +
.01347 +
,0L323 +

.00012 -
.00027 :
.00041 z
..00055 :

.00069 :

.00063 :
●OO 110 :
.00149 <
.W206 :
.00232 :

.00266 :
.00308 :
*00324 :.
.00292 :

AO0264 :
.00237 :
.oo2i2 :

.00 1s.9 :

1
.0150E +- .dom + “
.01430 + .00539 -
-01351 + .00502 s

.01273 + .00464 ;

.01196 + .00427 r

.Oiiao + .00s91 :

.0097 i + .00320 :

.0076 i + .002iE R

@M53 + .00068 s
.00206 ; . yc~ :
.00025

,.00104: .00211 :
4024 i : .00277 ~
,00275 :“ .00273 R
,00252 : .m247 z
,00225 : .W220 :
.00198 z .00193 z

.00174 ~ *00170 =

Concluded 8

+12. I +14. I +16. I +i3. I 46!0,

.00367 - .00s99 - .00374 - .00345 - .00312

.W347 Y .00392 : .U037? : .00346 : .003 i5

: .00366 : .00394 ? .00380 : .w3si z .00317

: .003% z .00383 : .0035s : .00319

: : %?% : .00399 : .W386 ? .00356 ; .00322

: .w37i - .W401 ? .Wsw : .00358 Y .00324

: .00373 - .W406 < .00394 y .00364 ? .0032S

: .00376 - .00414 7 .00402 - .00372 ? .00336

7 .oo3#3 - .00426 - .00416 : .005s5 - .00347

: .00390 - .00439 : .00430 - .00396 - .00359

: .W399 - .CQ453 ? .00444 : .00410 : .00370

? .W409 - .00466 - .0045s - ,004= - .0038 i

: .00433 - .W494 - .00465 - .00446 - .00403

: .00488 - .C054a - .00539 J .00493 - .00442

? .msia - .03573 : .00557 : .oo5i3 ? ‘.02460

: .00539 - .00996 - .00578 7 .00531 ? .00475

: .00562 ? .00616 ? .00596 ? .00547 - .00490

? .00581 : .00634 - .00612 Y .0056 i : :00503

.Oilo”ia- ‘.00261” : -.00367 -’
AOOO02 z @264 : .U)366 :
.OW 16 z .0026S ,.00365 7
.0003 i :, .0027 i ; .00364 -
.00045 : .00275 : .00363 :
.00059 : .00276 = .oo36a :
.mOE16 : .00225 y .IX1360 :
●WJ i25 : .00294 : .@3357 :
.W 122 2 .00306 .00351 :
.002% : .003 i3 ; .00343 -
.00262 : .003 la : .00334 :
.00264 : -00318 ~ .oo3a4 -
.00300 : .00307 : .00300 -
.W267 : .W256 ; .ooa45 -
.ooaw = .ooam - .ooais ?
ma 13 : @oao 4 : .00194 -
●wiE7 : .00160 : .00171 -
.00165 z .00159 Y .00152 -T1

...
.003B9 - .00374 -
.00367 ~ .oo37a 7
.003S4 ~ .00369 Y
.00382: .00366 Y
.00379 r .00363 .

.00377 ? .00361 .

.00372 : .W355 .

.00364 : .C0347 .

.c035a ~ .003 3 ?

!.003397 .003 9 .
.oo3a6 - .00305
.oo3ia 7 .oo29i .
.00224 - .00264
.00230 - .@32i4

.00205 - .wisa

.00185 - .00171

.00162 - .Wi53

.00149 - .00137 7
.00345 -
.00343 ?

.00340 :

.00337 :.
,00335 :
,oo33a s
.oo3a7 z

.w3i9 :
,00306 z
.00293 :
::002:; ?

.ooa43 :
,Ooi.w .

.0017E -
.00160
.00144

.02ia9 -1
●W3 12
*W310

.00307

.00305

.00303
.00300.

.ooaa6
.00269
;m@M:

.00254

.0024s

. ociaaa

.(M 182

.00165

.oQi49
.00 i34
.00121

.

!a

,

,



‘ #

\

&/n

oc/a

.00
+ .2Q
+.

‘8+ .6
+ .60
+ 1.00
+ 1.40

+ 2*OO
+ 3.00

+ 4.00
+ 5.00

+ 6.00

+ S.oo
+i2.oo
+14.00

+16 .00
+1s.00
+20.00

.00

- .20
. .40
,- .60
. .80
- 1.00

- 1.40
- 2.00
- 3.00

- 4.00
- 5.00
‘“ 6.00
- 8.00

-12.00
-14.00

‘16.00
-18.00
-20.00

TAHLE IV. - SIDEWASH FACI!UR Fv FOR VARIOW VALUES OF Az/E

(a) Az/s = O.~

* +2 +4 -m +s +10 +12 +14 +16 tia +20

.

.

.

.

.

.

.

.00200 -

●OWOO -
.00000 -
.Oowo -
.Ooooo -
.Oowo -

●0oooo -
.Ooow -
.Oowo -
.00000 -

.Oowo -

●OWOO -

.Ooooo -

.Oowo -

.oOooo -

●00000 -
.00000 -
.Omo -

.34595 -

.412S4 -

.47364 7

.52463 -

.564% -

.59573 -

.63591 -

,66540 -
.68220 -
.6SS15 -
.69012 -

.690% -

.69157 -

.69122 -

.691S5 -

.69127 -

.69122 -

.69166 -

jwg; -

.Q3973 :
.04237 -

:::;: -

.03154 ~

.05663 -

.06m6 -

.06495 -

.06647 -

.0672s -

.06ml -
,0623s -

.06S44 -

.06s46 -

.0684S -

.06s42 -

.00965 -

.01Q15 -

.01064 -

.01113 -

.01161 -

.0120s -

.01262 -

.01419 -

.01561 -

.016% -

.01773 -

.01223 -

.01879 -

.01915 -

.01921 -

.01924 -

.01926 -
,0122s -

.00400 -

.00415 -

:g~ -

.00460 :

.0047s :

.00504 -

:~ :

.00620 -

.00719 -

.00755 -

.007s4 -

.007211 -

.00793 -

mooo~ -
-

.0020s -

.00209 -

.00215 -

.W221 -
●0022s -

.00234 -

.00245 -

.00263 -

.00269 -

.00312 -

.00331 -

.00347 -
:::;:; -

.003% -

.00392 -

.00401 -

.00403 -

.00117’ -

.00120 -

.00123 -

.00126 -

.00129 -

.00132 -

.00137 -

.00146 -

.00159 -

.00171 .-

.001s1 -

.00191 -

.00205 -

.00220 -

.00225 -

.00227 -

.00222 -

.00231 -

.00073 -

.00075 -

.00077 -

.00078 -

.00020 -

.00021 -

.00084 -

.00069 -

.00096 -

.M103 -

.W106 -

.00115 -

.00124 -

.00135 -

.0013s -

.00141 -

.00142 -

.00144 -

.00049 -

.00050 -

.00051 -

.00052 -
“.00053 -
. 0W54 -
. Ooo% -
. 0M58 -
. 0W63 -

.00067 -
.00071 -

. 0W74 -

. Owso -

.00088 -

. W091 -

. 0W93 -

.00094 -

.00095 -

.00034 -

. mo35 -

.00036 -

.00036 -

.243037 -

.00037 -

.20038 -

. C@040 -

.00043 -

.00046 -

.00048 -

. W030 -

.00054 -

.00060 -

.00062 -

.00064 -

.00065 -

.0W66 -

.00025’

.00025

.00026

.00026

.0W27

.00027

.00022

.00029,

;;R;\

.00036

. 0W36

.W043

; 002:

.00047

.0W47

1
.34595 -

.27906 -

.21225 -

.16726 -

.12623 -

.ce6i6 -

.05599 -

.CQ650 -

.00909 -

.00374 -

.00177 -

. 00W3 -

.W032 -

.00007

. 0W04

.00002

.00001

.00001 1
.03425 -

.03149 -

.02277 -

.026i4 -

.02361 -

.m123 -

.01666 -

.01188 -

.00644 -

.00356 -

.00204 -

.00122 -

. mo49 -

.00012 -

.00007 -

. WW4 -

.00003 -

.00002 -1
.00665 -
.00615 -

::WM: -

.00769 -

.00722 -

.00632 -
.00511 -

.0034s -

.00234 -
.00157 -
.00107 -
.00051 -

.00015 -

.0W06 -

.00005 -

. WO04 -

.00002 -1
. W400 -

.00385 -

.W362 -

.00354 -

.00339 -

.00324 -

.00296 -

.00255 -

.00195 -

.00147 -

.00103 -

.0W81 -

.00045 -

.00016 -

.00010 -

.00006 -

.00004 -

.0W03 -1
.00203 -

.00197 -

.00191

.00163

.0017s

.00172

.W161

.00143

.00117

.00064

.00075

.00059

.00037

.00015

.00010

. 0W07

. moo5

.00003

.00117 -

.mli4 -

.Wiii -

. OQl 08 :

● 0W03 -

● 001 CQ -
● 00097 -
. W062 -
.00075 -
, 00063 -

● W052 -

. W043 -

. W029 -

.00013 -

. wow -

.WW6 7

. WO05 -

. wow -

.0W73 -

.0W72 -

.00070 -

.00069 :

.00067 -

.00066 -

.00062 -

.0W5S -

. 0W51 -

.00044 -

.00038 -

.00032 -

. W023 -

. Woi 2 ?

.00006 -

, 000M -

● 0W05 -
. Owm -

.Oww -

. 0W48 -

. OW47 :

. W046 -

. W045 -

. W045 -

● 00043 -

.00040 -

.00036 -

.W032 -

.0002s -

.W024 -

.00018 -

.00010 -

.00W8 -

.C0006 -

.00004 -

. 0W03 -

.ooa54 -

.00034 -

● 00033 -

.00033 -

. 0W32 -

.00032 -

; glo -

.00026 :
.00023 -

.00021 -

● 0W19 -
.00015 -
.00009 -
.00007 -

● 0W05 -
. 0oW4 -

. wow -

.00025

. W025

.00024

.W024

.0W24

. W023

. Wo2z

.Wo21

.00020

.00018

.00016

. WO15

. W012

. WO07

. wow

.00009

. WW4

. wow
I I I I I I I I I I 1 I

!s

ul
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TAELE IV. - SIDEWASH FMZl!OR Fv

(b)

FOR VARIOUS

&/a = 1.00

WiwEs OF &/s - continued

I

. .W

.s .20

. .40

. .60

. .20
- 1.00

- 1*4O
- 2.00
- 3.00
- 4.00
- 5.00
- 6.00
- 8.00
-12.00
-14.00
-16.00
-16.W
-20.00

.

.

.

.1
.Ooooo -
.OCQOO -
.00000 -

.00000 -

.00000 -

. Owoo -

.Oowo -

.00000 -

.Wooo -
.00000 -
.00000 -
.Wooo -
.Owoo -
.Oowo -
.00000 -
.Owoo -
.00000 -
.Wwo -1

.40400 -

.3s630 -

.27647 -

.22336 -

.17834 -

.14148 -

.oamz -

.04520 -

.0i656 -

.W704 -

.00339 -

.W180 -

.00063 -

.0W14 -

.00W7 -

.00003 -

:=2 :J
.06154 -

.05673 -

. 052W -

.04739 -

. Oml -

.03279 -

.03124 -

.02Z13 -

.01222 -
.W623 -
,03395 -
.00’233 -
.00W7 -
.@w24 -
.0W14 -
.0W08 -
.00005 -
.00003 -J

.01246 -

.01152 -

.01658 -
.01566 -
.0147s -
.01326 -
.01216 -

.W986 -

. W67T -

.W457 -

.W30a -

.00209 -

.00101 -

.Oooa -

.0W17 -

.Owll -

.0W07 -

.WO05 -1
.007ao -
.00751 -
.00121 -
. Wf92 -

. OCK63 -

.00634 -

.0057s -

.00499 -

.00383 -

.0W29 -

.0021!5 -

.00160 -

. mo69 -

.0w31 -

.00019 -

.owla -

.0W02 -

.0W06 -U
.W40 - .W231 -

.w3a - .00226 -

.W37 - .ooa20 -

.W36 - ●ooa14 -
- .0020s -

:%4 -“ .mo3 -

.00317 - .00191 -

.ooa23 - .09175 -

;Omy;l - .00142 -

- .00125 -
.W14 - .00104 -
.Wil - .0W66 -
.W073 - .00056 -
.Owm - .Owa? -
.00019 - .00018 -
.0W13 - ●W013 -
.Ooow - .Oww -
.00W6 - .00007 -1

.00146 -

.00143 -

.W139 -

.00136 -

.00133 -

.W130 -
.00124 -

.00115 -
.00100 -
.owm -
.0W75 -
.00064 -
.00046 -
, woa3 -
.W017 -
.00012 -

.00005 -

●OW07 -1
.WOM -
.00056 -

.0W94 -

. 0W92 -

.00090 -

.0002s -

. wow -

. W020 -
.Wmi -
.ms -
. 0W55 -

.0W48 -
.0W36 -
.Woao -
.W015 -
.00011 -

.0WC6’ -

.0W06 -J
. W069 -
. WM7 -

, W066 -
.0W65 -
.0W64 -

.00063 -

.00CM1 -

. W057 -

.00052 -

.00047 -

.wo4a -

. 0W37 -

.owa9 -

.’owi7 -

.W013 -

.Wolo -

. WW8 -

.00006 -J
,W090
,00049

. WOW

. m4a

.00047

.0W46

.0004

. W043

. W03
oW03

. W03

:Ow
.Owl

.Ooo1

. WO09

.00W7

.W

.
.“

,
,



.

I

1

I

\

4JB

@

; :2
+ .40
+ .60
+ ●W
+ 1.00
+ 1.40
+ a.oo
+ 3*OO
+ 4.00
+ 5.00
+ 6.00
+ S.oo
+12.00
+14.00
+16.00
+1s. w
+20 ●N

TABLE IV. - S-ASH FAC?ZOR Fv IUR VARIOUS

(c) AZ/s = 1.50

VALU.E9 OF A@ - Conthluea

.

.

.

-1
+0

.00000 -

.Ooooo -

.Owoo -
●00000-
.Ooow -

.Wwo -
.Wooo -

.Wooo -
●WWO -
.00000 -

.Wwo -

.000oO -
.Owoo ?
.Oww
.Owoo -
.Ooooo
.Oww :
●WOW -1

+2

.32621 -

.37116 -

.41239 -
.45042 -
.4644s -
.51322 -
.55993 -
.60274 -

.63422 -

.64661 -“

.65166 -

.653s4 -
,65549 -
.65621 -

.65630 -

.65634

.6%37 -

.6563S -1
4

.07229 -

@$~2 -

.09542 -

.1W8S -

.10603 -

.11539 -

.12622 -

.13975 -
.14690 -
.1s094 -
.15314 -

.15515 -
.15622 -

.15637 -

.1%45 -

.15650 -
.1565!2 -T

+6

.02578 -

.02701 -

.02235 -

.02%2 -

.03027 -
..03209 -
.03442 -

.03760 -

.041s9 -

.04422 -

.04709 -

.04851 -

.05W7 -

.05112 -

.05130 -

.0513? ?

.05145 -

.0514s 71
+6

.01125 -

,01167 -
.01209 -
.01251 -
.01293 -

.oi334 -
.01413 -
.01527 -
.01693 -
.01629 -

.019s5 -

.02015 -

.0211s -

.02204 -

.02221 -

.02231 -

.0223S -

.02241 -

●lo

1
,W5S5 -

.W602 -

.00620
,00637 -
,W655 -
.00672 -

.00706 -

.00755 -

.00230 -

.Ws% -

;::;: -
-

.01061 -

.01126 -

.01141 -

.01150 -

.01156 -

.01160 -1
+lz

.00341 -

.00350 -

.W358 -
. W367 -
. W375 -
. W364 -
. oo40a -

.W425 -
.W463 -

.00496 -

.0052g -

.00555 -

.00596 -

.00642 -

.00655 -

.0W63 -

.00669 -

.006?2 -1
. 0216 -
. W220 -
. W225 -

.00230 -

.00234 -

.00239 -
: oo106y -

. W223 :

.00303 -
.00321 -

.00337 -

.00363 -

.W397 -
.00407 -
.00413 -

.0041s -
.00422 - +

+16

.0 45 -

.00148 -
.00150 -
.00153 -
.00156 -

.COlw -

.00164 -

.00172 -

.00185 -

.00197 -

.0020s -
.00218 -
.00236 -
.00260 -
.00268 -

.00273 -

.00277 -

. Waso -T
+lz

:00104 :

.00105 -
.W107 -
.W109 -

.Wlll -

.W114 -

.00119 -

.00127 -

.W135 -

.W142 -

.wi49 -

.00161 -

.W178 -

.W184 -

.wla9 -

.00192 -

.00195 -

=

.00077

.0007s

:%x
.00022
.00W6
.00021
.00026
.00101
.00106
.00114
.ooli37

.00132

.00133

.W136

.W140

.00

.20

.40

.60
.

● 80
- 1.00
- 1.40

- 2.00
- 3.00

- 4.W

- 5.00
- 6.00

- S.oa
-lz. oa
-14.00
-16.00

-1s.00
-20.00

-

.

.
-’T

.00000 -

. Wooo -

. Wooo -

.Oowo -

.Ooooo -

.Owoo -

.00000 -

.Owoo -

.00000 -

. Owoo

. Ooow

. Wooo

.00000

. Wooo

. Wooo

. Wooo

. Wwo

. Wooo

.32221 -

.28525 -

.24402 -

.20593 -

.17193 -

.14242 -

.09646 -

.05367 -

●021W -
.00260 -

.00475 -

.00257 -

. W022 -

. W020 -

. CQol 1 -

.00W7 -

. WW4 -

. 00W3 -1
.07622-
.07246 -
.06670 -
.06109 -

.09569 -

.05055 -

.04119 -

.02269 -

.01663 -
.00260 -

: Wsg -

.Wlw :

.0W35 -

.00020 -

.00012 -

.WO06 -

. Wms T
, 0257s -
.024W -
.02320 -

.02194 -

.02062 -

.01947 -
.01714 -
.0i396 -
.00966 -
.00657 -
.00446 -

.00305 -

.00149 -

.00044 -

.00026 -

.0W16 -
.00011 -

.00007 -1
,01125 -
.01083 -

.01041 -

.00599 -

.00257 -

.0G916 -

.00837 -

.00723 -

.00557 -

.00421 -

.W315 -

.00235 -

.00132 -

.00046 -

.00029 -

.00019 -

.0W13 -

.00W2 -1
.60585 -
.00567 -

.00550 -

.00532 -

.W515 -

.00498 -

.00464 -

.00415 -

.00339 -

.00274 -

.00219 -

.W173 -

.W106 -

. W044 -

.00029 -

.00019 -

.WO14 -
*WOIO -1

.00341 -
●W333 -
.W324 -

.00316 -

.W307 -

.W2W -

.00262 -

a!: -

.WIW -

.00154 -

.00126 -

.00026 ~

.00040 -

.00027 -

.0W19 -

.0W14 -

.00010 -1
s!:; -

.00207 :

.00202 -

.00197 -

.00193 -
.00184 -
; 04;7$ -

.

.W129 -

.00111 -

.00095 -

;gQQ; -

.00025 :

.Wois -

.mo13 -

.Wolo -T
.00145 -

.W148 -

.00140 -

.W137 -

.W134 -

.00131 -

.00126 -

.0011s -

.00105 -

. Owm -

. 9W62 -
.0W72 -
.00054 -

.0W30 -

. 0W23 -

.00017 -

.0W13 -

.00010 -

,00102 -

.00100 -

. W029 -

.00027 -

.00025 -

. 0W94 -

.00020 -

. moss -

.00077 -

. OW62 -

● 00062 -
. W055 -
.00043 -
.W026 -
.00020 -
.00015 -
.00012 -
. wow -

.00075

. W073
. W072

.00071

.W070

. W069

. W067

. W063

. W05!3
.00053

N004g

.0W35

.0W22

.0W17

.0W14

.Owl 1

.00002



I

+ ●00
+ ●
+ .40
+ .60
+ .m
+ la

+ 1,40

+ 2.00

‘: ::s&

+ S.w
+ 6.00

t S.w
+62000
+44*W
+i6.M
+lS.W
izo ●N

TABLE IV. - SIDEWASH F’AmoR I?v FOR VARIOIE

(a) &/6 = 2.00

vAIJIEsOF &/s - Conttiuecl

.00
. .20

.40
. .60
. .80
: ;:::

- 2.00
- 3.00

-4.00
- 5.00
- 6.00
- 8.00
-12.00

-14.00
-16. W
-18. W

-20.W

*’I ‘d ‘1 “d *I ‘101 +’21 ““l “61 ‘isrwo
. .Wooo - .24615 - .08422 - ,0312j - ,oi4ai - .00753 . .oo~44 .

.Owoo - .27327 - .09084 - ,03275 - .01473 - .00775 - .00455 . ::%; : :::;;: : :;:;;; : “ems

.Wooo - .29%S - .09674 - .03427 - .01526 - .00796 - .00466 - .00225 - .0019s - .00139 - :$::::
. ,Ooooo : .3a456 - .10250 - .03577 - .0157s - .oo~ - .00477 - .Ooaoi - .00201 - .00141 - ,00103

? .Wwo - .34757 - .1OW7 - .03724 - .01629 - .00S42 - .W4W - .00307 - ..00205 - .00144 - .QO1O4
? .Ooooo - .36634 - .ti341 : .03669 - ,01620 - ,qQ$64 - .00499 - .00313 - .00209 . ,00146 - .oolo6
. .Wwo - .40273 - .12321 - .04146 - .01720 - ,00607 - . w5ao - .00325 - .00216 - .00150 - .00109

: XMJ : :g# : :;g; : j~; : ~~ : $R; : :% I MHJ : :% : :f;;~ : ;#;:

- .*CQWO -

.

- .16274 - .05679 - .02435 - .01221 - .206S6 - .00419 - .00273 - .00187 - .00134
.Ooooo - .42910 - .16542 - .09s99 - .02537 - ●01220 - .W721 - .00441 - .W287 - .00196 - .00140

. ●WWO - .49113 - .16793 - .06053 - .02670 - .01344 - .00774 - .00475 - .W31O - .00212 - .00151
.Oowo - .46205 - .16930 - .06129 - .02781 - .0144s - .W835 - .w5i9 - .W342 - .00235 - .00166,

. .Wwo - .49216 - .16950 - .06212 - ,02m4 - .01466 - ,00852 - .W>32 - .W352 - .Q0243 - .00174
.Wooo - .49222 - .16%0 - .06224 - .02S17 - .01460 - .00262 - .W541 - .00359 - .00249 - .00179

. .oomo - .49225 - . 16%6 - .0623a - .02625 - .01426 - .00870 - .00548 - .00365 - .00254 - .00183
- . .00000 - , .49227 - .16%9 - .06236 - .02KW - .01493 - .00s79 - .00552 - .WM9 - .002s7 - .00186

. .Oww - .24615 - “ .08488 - .03123 - .01421 - .00753 - .00444 - .00263 - .wi9i - .00135 - .00069
. .Ooow - .ai904 - .07a92 - .02971 - .o136a - ‘.00231 - .00433 - .~7 - .00127 - .00132 - :~:
. ,0w w - .19268 - .07303 - .02ai9 - .01316 - .oo70a - .00422 - .00271 - .001 a4 - .wi30 -
. .Oww - .16774 - .06726 - .02669 - .01263 - .Oowa - .00411 - .00265 - .001 no - .Oolas - :=;
. . Oww - .14473 - .06169 - .02522 - .01212 : .00664 - .00400 - .00252 - .00177 - .00i26 -

- .Ooow - .12397 - .0%35 - .02377 - .01161 - .00642 - mgg : ;:g: - .00173 - .001= - .00091
- . Owoo - .oa957 - .04653 - .02100 - .01061 - .00998 - .00166 - .00119 - , oooaa

- .Ooooo - .05411 - .03427 - ..w72a - .0W20 - .00536 - .00336 - .002= - .oOi56 - .0Q112 - .0W84
- .Ooooo - .023a4 - .02W4 - .olao4 - .00711 - .00440 - .oo2a6 - .00195 - ::;:3=9 - .00102 - .00077

- .Ooooo - .01128 - .01173 - .Ooaas - .00540 - .00355 - .00241 - .Oollo - - .00092 - .W070

- .Ooooo - .00579 - .00702 - .00567 - .00406 - .ocaa4 - .00202 - .oo146 - .ooloa - .o- - .00063
- .Oowo - .00321 - .W434 - .00590 - .00304 - .00226 - ●oo167 - .W125 - .o~5 - .0W73 - .0W57,
- . Wooo - .00118 - .wi83 - .00193 - .00172 - .wi42 - .00114 - .W090 - .00072 - .00057 - .00046

- ●WWO - .00026 - . W046 - .00057 - .00060 - .W05K -

. Wwo -

.00052 - .00046 - .W040 - .00034 - .0-

.00015 - . W026 - .W034 - .0003# - .woza - .00036 - .00033 - .00030 - .00026 - .o-
- .Wwo - . w W9 - .WOi6 - .00021 - .00025 - .00026 - .00025 - ●QO024 - :g:; : :;g; : :::;:
. . Wwo - . woos - .Woio - .W014 - .woi7 - .woia - .000ia - .wola -
. .Wwo - .00004 - .WW7 - .00010 - .0W12 - .000i3 - .00013 - .00013 - .W013 - .00012 - .Owi-z

,



-1

TAELE IV. - S~ASH FACTOR Fv

(e)

FOR VARIOU5 VMUES OF

AZ/s = 2.y

&/B -

*

.

Contlzmed

!a

Ul,
w



T- IV. - SIDEWASH FACI!OR Fv FOR VARIOIB VALUE9 OF Az/E - Continued

(f) AZ/s = 3.00

+ .00 - .00Q0O - .13333 - .07643 - ~oM-*J ; - .01239 - .01026 - .00622 - .00403 - .00275 - .w196 - .@3~44

+ .20 - ●00000 - .i444a - g3m2: - . .01605 - ●O1O55 - .0M38 - .00412 - .00280 - .00199 - .00146

+ .40 - .20300 - ,i5534 - - ,039s4 - .01970 - .010s5 - .00653 - .004Z0 - .00286 - .09202 - .00148

+ .60 - .Ooooo - .16592 - .09214 - .0414s - .02035 - .01115 - .0@268 - .oo4a9 - .00291 - .00206 - .00151

+ .m - .Ooooo -
+ low -

.17603 - .09732 - .04310 - .02099 - .01144 - .006s3 - .00437 -. .00296 - .00209 - .00153
.00000 - .1s555 - .10175 - .04469 - .02163 - .01113 - . W696 - .00446 - .00s01 - .00212 - .00155

+ 1.40 - .00000 - .ao295 - .11006 .- .04776 - .02288 - .01231 - .00728 - .00462 - .W311 - .0021s - .00159

+ 2.00 - .Ooooo - .22262 - .12067 - .05200 - .02465 - .01315 - .W771 - .00467 - . oo3a6 - .00228 - .W165

+ 3.W - .Ooooo -

+ 4.00 - ●WOOO -
.24338 - .13429 - .03792 - .02730 - .01443 - .00240 - ●w526 - .00350 - .04243 - .00176

+ 5.00 - .00000 -
.25434 - .14285 - .06237 - .02949 - .01557 - .00902 - .00563 - .00372 - .00256 - .00186

+ 6.00 - .Mooo -
,259m - .14608 - .06556 - .03124 - .0i653 - .00958 - .005% - .00394 - .00272 - .00195

.a6a65 - .15124 - .06778 - .0325S - .01733 - .01006 - .00626 - .00413 - .002s5 - .00204

+ S.00 - .Ooooo - .26509 - .15437 - ●0703s - .03437 - .01s49 - .Olcsl - .00676 - .00446 - .00303 - .00220

+12.oo - .00024 - .26689 ? .1%20 Y .07220 ? .03591 - m~ - .01168 - .00739 - .00492 - .00341 - .00249

+14.oo .000M .26646 - .1%4s - .07253 - .03623 -

+16.00 :

- .01192 - .0075s - .00507 - .00353 - .00294

.00000 .26654 - .1%63 - .07271 - .0364a - .02014 - .01207 - .c4177i - .w51if - Wm6a - .00261

+113.W - *OOWO - .26659 - ●t567i - .07282 - .03654 - .02025 - .olais - .00780 - .00526 - .00366 -

+20000 - .CQwo -

.00267

.26661 - .15676 - .072S6 - .03661 - .02033 - .01225 - .00787 - .00532 - .W374 - .00271

L
..W

.20

.40

.60
. . no
- 1.00

- 1*4O
- 2.00
- 3.00
- 4.00

- 5.00

- 6.00
- S.oo
-12.00
-14.00
-16.00
-18.00
-20.00

I

1

.



iii

I
t

I

I

TAPLE IV. - SIOEWWH FAcIIOH Fv FOR VARIOTE

(g) AZ/s = 4.00

VALUES OF &/s - Continued

&/m
+0 w +4 +6, t2 -Ho +12 t14 +16 +18 t20

I I

+ .00
+ ●2O
+ .40
+ .60
+ .80
+ 1.00

+ 1.40
+ 2.00
+ 3.00

+ 4.00
+ 5.00
+ 6.00
+ S.oo
+12 .00

+14.00
+16.00
+18. 00
4$20.00 /

.07529 -

.020 -

.02526 -

.09011 -

.09463 -

.09937 -

.loml -

.11856 -

.13141 -
.13s1s -
.14369 -

.14630 -

.14676 -
.15ai3 -

.15032 -

.13043 -

.15049 -

. 1S052 -

.06244 -

.06579 -

.06912 -

.01240 -

.07562 -

. 07S76 -

.W474 -

.W277 -

.10337 -

.11070 -

.11553 -

.11S6S -
.12195 -

.12406 -
.12440 -
.12458 -
.12468 -
.12475 - I

.036 -

.03754 -
~ ::lo~ -

.

.0420 -

.04350 -

.04633 -

.05022 -

.05595 -

.06036 -

.06363 -

.06599 -

.06885 -

.07102 -

.07142 -

.07163 -

.07170 -

.07166 -

.02030 -

.02099 -

.0216S -

.02236 -

.02504 -
.02371 -
.02503 -

.02691 -

.02675 -

.03213

.03407 -
-

.03559 -

.03765 -

.03951 -

.03990 -

.04014 -

.04029 -

.04058 -

.01204 -

.0123s -

.01272 -

.01305 -

.01339 -
.01372 -
.01438 -
d;:; -

.

.01812 -

.01524 -

.02018 -

.02156 -
.02301 -
.02337 -

.02359 -

.02374 -

.02364 -

.00758 -

.00776 -

.00794 -

.00K12 -
. 00s30 -
.00846 -
.00623 -
. W935 -

.01017 -

.01092 -

.01159 -

.01217 -

.01302 -
.01417 -
.01447 -
.01467 -
.014s0 -
.01460 -

.00502 -

.00513 -

.00523 -

.003s4 -

.00544 -

.00554 -

.00575 -

. W605 -

. W653 -

.00696 -

.00740 -

.00777 -

. 00s3s -

.0091s -

.00942 -
.00959 -
.00971 -
.00979 -

.00342 -

.00355 -

.00361 -

.00367 -

.00374 -

. C4380 -
.00393 -
.00411 -
.00441 -
.00470 -
.00496 -
.00521 -.
.00562 -

.00621 -

.00640 -

.00654 -

.00664 -
,00672 -

.00250 -

.00255 -

.00259 -

.00263 -
.00267 -
.00271 -
NOoo? -

.00310 :

. W329 -

.00347 -

.W363 -

. W392

.00435
-

-
.00450 -
.00462 -
.00470 -
.00477 -

.00186

.00186

.00191

.00194
.00197
.00199
.00205
.00213
.00226

.00239

.00251

.00262

.00283

.00315
:goo~

.W343

.W349

.00
. .20

.40

.60

.60
- 1.00
‘- 1.40
- 2.00

- 3.00
- 4.00

- S.oo
- 6.00
- 6.00
-12. W
-14. W

-16. W
-18*W

-20.00

.

.

.

.

.

.

.

.

.

.

. Ooow -

.00000 -

. Owoo -
.00000 -
. Owoo -

. Wooo -

. Wwo -

. Owoo -
.00000 -
. Wooo -
.Ooooo -
. Owoo -

. Oowo -

. Oww -
,00000 -
● Owoo -
.00000
.00000 -

.07522 -

.070= -

.06533 -

● 06047 -
.05575 -

.05121 -

.04278 -

.03203 -
.01918 -

.01141 -

. W690 -

.00429 -

.00182 -

.00046 -

.00026 -

.00016 -

● Wolo -
.00007 -

.06244 -

.05909 -

.05576 -

. 0524K -

.0W26 -

.04611 -

.04014 -

.03210 -

.02151 -

.01418 -
.00935 -

.00623 -

. W293 -

.00062 -

. 0004s -.

.00030

.0M19 -

.00213 -

.05602 -

.03450 -

. 03=9 -

.03149 -

.03000 -

.02854 -

.02571 -
;02175 -
.01609 -
.0116s -

.00641 -

.00605 -

.00320 -

.001 m .

. CQ063 -

.W040 -
.00027 -
. Caol E .

.02030

.01961

.01665
.01624

.01756

.01639
.01 55s
.01S69

.01086

.00247

.00653

.00502

.00296
.00110

,00070

. 0W46

.W032

.02292

.

.

.

.01204

.01170

.01136

;;;;$

.01036

.00970

.00275

. 0Q727
.00596
.00464

.00390
.02252
.00107

.00071

.00049

.00034

. Onlxu

.

.

.

.

.

.

.

.

.

.

.

.

.J
m:: -

-

.00721 -

. W7CJ -

.0068s -

.0066S -

.00632 -

. CQ580 -

. W498 “
● W423 -
.00357 -
.0029s ?

.00206 -
.00058 -
.W06S -

.W04S -

.00035 -

.00026 -1
.00502 -

.00492 -

.00482 -

.00471 -

.0046i -

.00451 -

.00430 -

.00400 -

.02S52 -

.00301 -

.00265 -
0W22S -

.W167 7

. 0CW7 -

*00063 -
.00046 -

.00034 -

. W026 -1
.0034s -

.00342 -

.00336 -

● 00329 -
.00323 -

‘. C0317 -
.W304 -
,00285 -

.00233 -

.20227 -

. W200 -

.W176 -

.001s4 -
;:gg -

.

.00043 -

.00033 -

.00025 -1
.00250 -

.00246 -

.00242 -

.00238 -

.00234 -

.00230 -

.00222 -

.00210 -

.00190 -

.00172 -

.20154 -

.W138 -

.0010s -
; O&l;: -

.W039 :

.0w31 -

.W024 -

.W166

. Q0123

.Cai!o

.00178
.00175
000i72

.00”167

.00139

.00145
.00133

: p: ho

.0W8!3

.0W56

.0W45

.00035

.0002s

.W022

I



r
@/s

/4

+ :20
+ ●4O
+ .60
+ .80
+ 1.00
+ 1.40
+ 2.00
+ ?I. W
+ 4.00
+ 5.W

+.6.00
+ 6.00
+12.00
+14*W
+16 . W
+1s.00
*O. M

TAEGE IV. - 81DEWASH FM?IOR Fv FOR VARIOIX VAL~ OF Az/s -

(h) &/S = 6.w

Conwnlsa

* +s 4 +6 +6 +lo +22 +J4 +16 +26 m

- ●OOC40 o mm - .03497 - .02771 019 M - .01301
- .CWoo : :0301s - .03643 - .02276 : :Oi98D -

- .00295 - .00622 00453 - .00335 - .00253

.oi340 - .00515 - .00640 : :o046i - .00340 - .00257

- .Ooow - .03193 - . 037ss - .02974 - .02047 - .01374 - .~~s - •o~53 - .oo469 - ;:g;: : ::~~
- .Owoo - .03227 - .03932 - .Q3072 - .~lo5,wi63 : j~~:; - .W955 - .00665 - .00477 -
- .00000 - .03419 - .04074 - .03169 - - .00975 - .00676 ‘- .2Q4S5 - .oo35$ - .W2$6
- .00000 - .03543 - .04214 - .03245 - .02=0 - .01475 - .00295 - .QQ690 - .W492 - ;~=; : :jgg
: ~:cl: - .037% - .04426 - .03453 - .02338 - .oi5~ - .01034 - .00714 - :~;y2 -

-“ .04138 - .04267 - .03721 - .02495 - .0i637 - .01022 - .00750 - - .003s7 - .ooa90

- , oaooo - .04612 - .05414 - ;g:;: - .027~4 - .Q17E7 - .oiis~ - .Q~08 - ●oo569 - ●oo4i3 - .00307

- .00000 - .04%4 - .05242 - . .0W6i - .’01223 -

- ●WOW -
.01270 - .00263 - .00605 - .00437 - ~o;::;

.05212 - .06162 - .04715 - .03144 7 .02042 - .01346 - .00913 - : gs;: - ;g$: : .N356
- . moo - .05322 - .06394 - .04919 - .03293 - .0214 4- .0141 4 - .00959 -
- .00000 - .05575 - .06676 - .05122 - .03507 - .wa~ - .0152 4 - .01035 - ::078 : .00578.00521 - . 003s4

- .00000 - .057W - .06222 - .05423 - $;;:: - .W472 - .01653 - .01137 - - .00427

- .Oowo - . .09f32 - .06932 - .05472 -
- .Wooo -

- .02517 - .0169 6 - .01169 - .Ww6 - “ .0059s - .00444
.0514 4 - .06954 - .05500 - .03798 - .02946 - .0172 3 - .01191 - .00245 - .00614 - .00456

- .00000 - .0575 2- .06% s - .0551 8- .0301s - .02546 - .0174 i - .oi~ - Q~S59 - 0~2$ : .Q04$7
. .Ooooo - .0575 6 - .0697 6- .0552 9- .03230 - .Q257 9- ,0175 4 - .01220 - .00610 - ;W635 ; 00475

. .00 - .00000 - .02EW3 - .03497 - .02777 - .oi93i - .oi~~ “ •~$$5 - s ~a8 - :%::; : :~3; : :0$$
- .2Q - .Oom - .02747 - .03352 - .02679 - .01$72 - .o1273 - :~o:5; : :Q&g :
- .40 - .02000 - ax;: - .03207 - .~580 - : :;;;: - .01239 - .00437 - .00324 - .00246
. .60 - .00000 - - .03063 - .m422 -

. .01205 - .00235 - .00991 - .00429 - .00319 - ● QW43
. .80 - .00000 - .02347 - .02921 - .M3S5 - .01$99 - .oii72 - .oo8i 5 - :::;;: - ●00421- ::~g - “o~g
- 1.00 - .Oowo - .0221s- .027s1- .62269- .01642- .0113s- :J$;;;: .W542 : :fij: : .om9g : ::g;;
- 1.40 - .Ooooo- .01970- .02509- .~i~ - .oi~= - .Oiols-
- 2.00 - .00000- .01627- .0212s- .oia4 - .Qi367-- .o@77- :~~o] : ● oo50u- ●~74 - :Owy:;: :~$;
- 3.00 - .00000- .01153- ● 01581 - ::; ;3~ - .oiii7 - :~~6 - .004.47 - ●W336 -

- 4.00 - .Ooooo - .W202 - .01152 - . .W200 - 0 - .W5?0 - .00393 - :Oo3w - .00232 - .00163

- 5*OO - .Ooow - .00554 - .M232 - .~~9 - ●@37i7 - .~~i - :;$y5 : :%$ : . ~6$ - ;g;g : :::;:
- 6.00 - .Ooow - .00364 - .00601 - .W655 - : &MM8 “ JJg;: - .00235 -

- S.oo - .00000 - .00191 - .00319 - .00365 - - .00266 - .00221 - .00161 - .00142 - .00123
-12.00 - .mmo - .00057 - .00103 - .00131 - .ool~ - .00141 - .00132 - .00119 - NOl;: : :900;: - .0W79
-14. W - .00000 - .00034 - .00063 - .00023 - . ~~3 “ ::g: : ::~: - .~~ - - .00063

-16.00 - .Ooow - .00021 - .Wow - : OJoO: - .~~ -
-1s.00 - .mmoo - .woi4 - . mo27 -

. W065 - .wo6i - .000S6 - .0W51

- .W044 - m0~7 - ●W042 - .W048 - .Wo46 - .W944 - .~Q~o
-20.00 - .00000 - .Owio - .Ooois - .W026 - .~~i -

. k00036 - .00036 - .0W56 - .00034 - .00032

,



.
*

I

X
4/8

@

+ .00

+ .20
+ .40
+ .60
+ .80
+ 1000
+ 1.40
+ 2.00

+ 3.00
+ 4.00
+ 5.00

+ 6.00
+ 6.00
+12.00
+14.00

+16. 00
+1s.00
-190. oo

TAELE IV. - SIOEWASH FACIOR Fv FOR VARIOIE

(i) &/S = 8.00

Ccmcluded

/

- .00000 - .01349 - .oi97c - .01909 - ,01562 - .01193 - .00291 - .00665 - . W502 - .00324 - . 0022s

- .Ooooo - .01398 - .02036 - .01%6 - .01604 - .01221 - .00902 - .00678 - .W51O - , .00390 - . Qo302

- .Ooow - .01446 - .021 02 - .02W4 - .01645 - .01249 - .00222 - .W690 - .00919 - .00396 - .QQ3Q7

- . w 000 - .01425 - .02167 - .02081 - .01627 - .01277 - .m9b7 - .00703 ~ .00527 - . fX1402 - .00311

- .00000 ? .01542 - .02232 - .02137 - .01726 - .01309 - .00965 - .00715 - .00536 - .00407 - .00315

- .Oowo - .01590 - .02227 - .02194 - .01769 - .01332 - .002.s3 - .W727 - .00544 - .00415 - .00319

- .00000 - .01662 - .02423 - .02304 - .01s50 - .01387 - .01020 - .00752 - .00561 - .00425 - . W327

- .Ooow - .01814 - .02604 - .02464 F .01967 - .01462 - .01074 - .0078E - . Wsm - .00442 - .00340

- .Wow - .02010 - .02277 - .02710 - .02152 - .01595 - .01160 - .0W46 - .W626 - .W470 - .W36Q

- . Wwo - .02172 - .03102 - .02925 - .02316 - .01712 - .01241 - .00w2 - .00664 - .W497 - .00379

- . Wwo - . 023W - .032% - .03105 - .02460 - ●Qlm7 - .01314 - .00953 - .00700 - .W523 - .00398

- .Ooooo - .02399 - .03444 - .03253 - .02582 - .Q19Qa - .01380 - .Olwo - .00734 - .00547 - .00416

- .00000 - .0252s - .03647 - .03466 - .02766 - Jw05; - .01489 - .01020 - .00793 - .00591 - .Q0442

- .Oww - .02636 - .03831 - .03676 - :go:; - - .01630 - .01191 - .00278 - “ .0W57 - . W499

- .Wow - .02660 - .03270 - .037a5 - - .0!2274 - .Q1672 . .Q1.226 . , wg~ - .QQ6gj - .QQ518

- . Owoo - .02673 - .03294 - .03755 - .03051 - .0=06 - .01701 - ,01252 - .00930 - .00699 - .00533

- .Wwo - .026S1 - .03902 - .03775 - .03073 - .02322 - .01722 - .01271 - .00947 - .W714 - .00546

- .Ooooo - .02666 - .0391s - .03787 - .03027 - .02344 - .01737 - .01226 - .00959 - .00725 - .00356

. .00 - . Owilo - .01342’ - .01970 -

.20 - .Ooow - .01300 -
.o19m - .01562 - .01193 - ●W221 - .00665 - . W502 - .00384 - .00298’

.01904 - .01852 - ,01521 - .01165 - . W872 - .00653 - .00423 - .0037s - .00294
. .40 - . Oww - .01251 - .0163s - .01795 - .01479 - .01137 ~ .00s54 - . W640 - .00485 - . W372 - .QQ290

.60 - .mw - .01203 - .01773 - .01738 - .01438 ? ;:;:g - .00535 - . 0062s - .00477 - .00366 - .00226

20 - m% - .01155

: i:w -

y~fi - .01681 - .01397 - - .00s17 - .W616 - . 0046S - .00361 - .0W22
. .01108 . .01625 -

- 1.40 - . Wwo -

.01356 - .010S3 - .00796 - . W603 - .00460 - .o@55 - .00277

.01015 -
- 2.00

.01518 - .01514 - .01275 -

- mooo: : dam:; -

.00299 - .00762 - .00579 - .W443 - .00343 - .00269

.01337 - .01354 - .01157. -

- 3.00 -

.00218 - .00702 - .00543 - . 0041s - .0W26 - .00257
.01064

- 4*OO - .Owoo - N#; , -
.01108 - .00273 - .00791 - ● 00622 - . 004s4 - ;W376 - ●00296 - .00237

.00232 - .00624 - .00s06 - .W674 - .00541 - .00422 - .W340 - .00271 - .00217

- 5.W - ● 00000 - .00644 .00713 -

- 6.W -

.00665 - .00562 - . W468 - .00378 - .00304 - .W245 - .0Q199

. Owoo - . m9 - .00496 -

- 8*W - . Wooo -

.W565 - . W543 - AII17: - .W402 - .00531 - mlm:; - .00221’ - .00181

●W170 ● 0W23 .00353 -

-12. W - .COwo -

.0035s - .W292 - .W250 -

. W060 ●W102 .00142 -

.W177 - .00149 -

-14.00 - . Wwo -

.0015s - .00155 - .00152 - .W140 - .00125 - .00111 - .00027

. WOW .W070 - .00023 - .M107 -

-16.00 - .Oowo - . WCQ5 - . W046 - .0W63 - .00074 -

●W112 - :o;~~: - .00104 - ,00026 - .00027 - .0W78,

.00079 : .

-16.00

.0W78 - .W074 - .00062 - .00063

- .Ooooo - .00017 .WC451 . W044 - . 0W52 - .00057 - ● 00059 -

-20. w -

. Oww - . .W057 - .W054 - .00051

.Oww .0W12 .00022 - .W031 - .0W38 - . W042 - . W044 - . W045 - .W044 - .W043 - .00041

I
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TAEIJI V. - B.ACHWASH FAC?TOR Fu FOR VARIOIE

(a) AZ/s = o.~

VALUES OF AZ/s

I

+ ●OO
+ ,s0
+ .40
+ .60
+ .60
+ 1,00
+ 1.40
+ 2.00
+ 3.00
+ 4*OO

+ 9.00
+ 6.00
+ S*OO
442.00
+14.oo

+16.00
+l#*w
%.00

(b) AZ/S = 1.OO

n
,



, t 2

TABLE V. - BACKHASH FWl!OR Fu FOR VJUUOIE VALUIS OF AZ/S -

(c) &/s = 1.%

Continued

+0 +6 * +6 +6 +lo +42 +44

L+
+16 +-la -120

.+ .00 . + .73%0 + .2264S + .04a27 + .01332 + .00573 + .002% + .00172 + .00109 t“ .00073 + .0W51 + .00037
+ .20 + .7a225 + .22371 + .04211 + .01329 + .00572 + .00296 + .00172 + .00109 + .fmo73 + .00051 + .00037
+ .40 + .67410 + .21573 + .04163 + .01323 + .00571 + .00295. + .00172 + .Wlw t .0007s + .00051 + .00037
+ .60 + .60466 + .20393 + ,04067 + .01312 + .00566i + .00264 ● .00171 + .2Qio2 + .00073 + .00051 + .00037

+ .80 + .52632 t .16241 + .039s4 + .01297 .+ .00564 + .00293 + .00171 + .00108 + .WQ73 + .00051 + ●00037
+ 1.00 + .44776 + .17173 + .03657 + .am78 + .00559 + .00291 + .00170 + .OO1OB + .00072 + .00051 + .00037

+ i.m . + .31219 + .13765 + .03553 + .01229 + .00547 + .00287 + .0016S + .00107 + .W072 + .00051 + ●W037
+ 2.00 * .17627 + .095a4 + .0M29 + .01136 + 00523 + .00279 + .00165 + .00105 + .00071 t .00050 + .00037
+ 3*OO + .07619 + .05079 + .02164 + .00
+ 4.00

6s2 + 100470 “+ .00260 + .00157 i .00101 + .00069 + .0W49 + .M036
+ .03747 + .02s50 + .01523 + .00767 + .QOW9 + ,00237 + .00147 + .Om% + .00066 + .00048 + .00035

+ 9.00 + .02071 + .01707 + .01065 + .w605 + .W349 + .00211 + .00135 + .Owgi + .00063 + .0W46 + .00034

+ 6.00 + .01252 + .01086 + .007$4 + .00473 + .W93 + .001S6 + .00123 + .00084 + .00060 + .00044 + .00033

+ S.oo . + .00592 + .00507 + .00402 + .00291. + .W203 .+ .00141 + .00089 4 .wo7i + .00052 + .00039 + .00030
+12.00 + .00169 + .W162 + .00145 + .ooia2 + .00095

+14.00
+ .0007s + .00061 t .mo48 + .00037 + .W028 + .00024

+ .00107 + .00104 + .Ooo% + .000s4 + .00071 t .W05S + .00047 + .W038 + .00031 + . W025 + .00021
+16.W + .W072 + .24071 + .00066 + .0W59 + ,00052 + ,wo# + .0W7 + .0w31 + .00026 + .Wo21 t .00018
+1s. w + ●W051 + .W050 + .0Q047 + .00043 + .00039 + ,IJW34 + .00029 t .00025 + .0W21 + .00016 + .00015

* ●OO + .00037 + .00937 + .W03S + .00033 + .0W30 t .0W27 + .0W24 t .00021 + .00018 + .0001s + .WQ13

—

(d) Az/s = 2.00

+ .00 + -.447al + .19241 + ,O”til +-- .016~ t ‘.00733 + ,003s4 ‘+ .00225 + .W145 + .Ooil’% +“ ,~8 + .~yo
+ .20 + .44103 + .19076 + ,04605 + .01650 + .00732 + .W3S4 + .00225 + .00143 + .0W96 + .Oowg + .Ooom
+ .40 + .42329 + ● 18594 + .04737 t

+ .60
,01642 + .00730 + .00383 + .00225 + .00143 + .Wo% + .0W613 + . wow

+ .39627 + ,17636 + ,04679 + .01629 t .00727 + .00362 + . W224 + .00142 + .W086 + .ow6# + , Q4049
+ .80 + .36300 + ,16w3 + .04573. +

‘t 1*W
.01611 + . .W723 + .W3S1 + .00224 + .00142 + .00056 + . 0406s + .00049

+ 1.40

+ ,32660 + ,15741 + .04443 + .015 y + .00717 ● .00379 + .W223 t .00142 + .00096 + .W067 + .0W43
● *25440 + .1330s + ,04127 t ,0153 + .W701 + ●W373 + ●w22i + .W141 + .00095 + .0Q067 + .00049

+ 2.W + .16667 + .09657 + ,03570 t .QIMO + .W67j + ,W362 t .00216 + .00139 t .W094 + .0w67 + .Ooom
+ 3.00 + ,02223 + .0572S + ,02339 +

+ 4.W + ,04364 + ,03369 + .01663 +

.01 19s + .00604 + .0033s + .00206 + .001s4 + .00WL + .WO135 + .wg~

+ 5.W + .0251s + .02297 + ,01336 +
●W973 + .0052s + .0030s + .f3m92 t .W127 + .W088 Y .0W63 + .00047

+ 6.W
*W774 + .W452 + .00276 + ●W177 + .00119 t .00084 + .Wwl. + .0W45

+ .0156?. + .01342 + .0095s + .W609 + .00361 + .00244” + .00162 + .Oolik + .WQ79 + . WQ58 + .9W44
+ 8.00 + .00708 + .00651 + ,00519 + .00376 + ,W269 + .W169 + .001s0 + .00094 + .00069 + .0W92 + .W40
+12* w + .00221 + .W2i3 + ,00160 + .00160 + ,W130 + .00103 + .oW80 + .00063 + .Wow + .00Q39 +, .00Q31
+14.00 + .wi41 + .W137 + .W126 + .00110 + .00093 i ,02077 + .-3 + .00051 + .00041 + .00033. + .00027
+16.00 + .00095 + ,W093 + ●OW87 + ,0W76. + .W069 + ●W059 +

+16.00 +

. wow + .00041 + .00034 + ,- + .Q~4
.0006T + .00066 + .W063 +

*0*00 +
.W05S + .0W52 + ,0W45 + .0W39 + .W033 + .0002s + .0W24 +

.00043 + .00046 + .W046 +
.00020

,0 w-a + .00039 t .00035 + .0-1 + .00027 + .00024 + .00020 + . W018

,

3’
02



\

4fa

#k/a

T%T
+ .20
+ .40
+ .60
+ .B

+ 1.00
+ 1*4O
+ 8.00

+ 3.00
+ 4.00
+ 5.00
+ 6.00
+ S*OO
+12.W

+14.00
~~6:~m

+20.00
-

+ .m
+ .m
+ .40
+ .60
+ .Fm
+ 1.00

, + 1*4O
+ 2.00
+ 3.00
+ 4*OO
i’ 5*OO
+ 6.00
+ S*OO
+la,oo
+14.W
+16 .04
+16.00

.+-20 .00

TAELE V.- BACKWASE I?AC?3!OR Fu FOR VMIOW VALUJ!S OF z?z/B - Continued

(e)

*I *1 Ml 4-61 +aI
+10 +ia +14 +16 +1s +20

(f) A6/0 = 3.00

, , , , ,
+
t
+
,+
4

i
+
+
+
+
+
+
+
+
+
+
+
+

.21062+

. W947 +

.20530 +

$19916 +
.190s1 +

.lawl +
.15234 +

.12335 +

.07647 +

.04707 +

.02963 +

.01966 +

.00955 +

.00316 +

.002Q4 +

.00139 +

.00099 +

.W072 +

.i30a9 +

. ia%7 +

.ia7sl +

.12463 +

.i20a4+

.i1602 +

.10465 +

.oa592 +

.03799 +

.03621 +

.02545 +

.01739 +

.oo2a4 +

.00304 +

.0019s +

.00136 +

.00097 +

.00071 +

.05013 +

.03000 +

.04%2
,04299

+
+

.04s13 +

.04707 +
,04443 +
.0395s +
.03026 +

.02311 +

.01707 +

.ola6a +

.00714 t

.00273 +

.00162 t

.00127 +

.00092 +

.0006s +

.&55 +

.02032 +

.02044 +

.0ZQ29 +

.0201Q t

:j;y; ;

:::5g +

k +.01 6 +
.00829 +
.00929 +
#JOoo: +

.00115 +

.00085 +

.0W64 t

.009s5 +

.00964 +

*W9S1 +

ml; +

.00%4 +

,00945 +
.00W6 t
.00622 +

.00725 +

.W626 +

.00532 +

.00376 +

.Oolaa +

.00136 +

.Wlol +

.00076 +

.000ss +

.00536 +

.0Q536 +

.00535 +

●00533 +

.W531 +

.w5a9 +

.00522 +

.00507 +

.00475 +

.00435 +

.0039 i +
,00347 +

.wa65 +
.oQi49 +

.00113 +

.W026 +

.W067 +

.0005a +

. oo3a 1 +

.oo3al +

. W320 +

. w3ao +

.00319 t

.00316 +

.00315 +

.00309 +

.ooa94 +

. wa76 +

. wa55 +
,00233 +
.wla9 +
.W118 +
.00092 +
.0007s +
.00036 +
.00046 +

.00206t

.00206+

.00206+

.00206 +

.00205 +

.00205 +

.W203 t

.00200 +

.CQ193 +

.001s4 +

.00173 +

.0Qi6i +

.00137 +

.00092 +

.W075 +

.Woai +
.Ooow +
.Wobo +

I

.00140 +

.00140 +

.00140 +

.00140 +

.00140 +

.00139 +

.00139 +

.001s7 +

.0015s +

.w2219 +

.otuaa +

.00116 +

.00101 +

.00073 +

.00061 +

.00051 +

. W042 +

. W035 +
1

.00099 +

.00099 +

.0W99 +

.00Q99 +

.0W99 4

.00099 +

.00098 +

.0W9S +

.00095 +

.0009s +

.00069 +

.00025 +

.00076 +

. W058 +

.ow&9 +

.0004a +

. W036 +

.00030 +

.00073”

.W073

.00073

.0W73

.0W73

.00073

.Own’

.0W72

.0W71

.00069
.00067

.00064

.0W59

.0W46

.0W40

.00035

.00030

.00026

Cn
Ill

,



TAI?LE V. -

>

BACKWASH FACTOR Fu FOR VARIOU3 VALUES OF A!Z/S -

I

(g) &/s = 4.00

: .W
.20

+ .40
+ .60
+ .E2
+ 1.W
+ 1.40
+ 2.00

+ 3.m
+ 4.00
+ 5.W
+ 6.00
+ S.oo .
+i2.oo
+14*W.
+16.00
+48.00

+90 .00

(h) AZ/S = 6.00

continued



‘ TABLE V.- BACKWASH FACTOR Fu FOR VARIOIE VALUES OF Az/s -

(I) AZ/B = 8.00

Concll.lded

I

I

#
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Wiflu Geometrv”

Symbol Swept Unswept

s 6.25sq f~ 625 Sq f~

b 500 ffl 4,33 f?

z /.37 ft /49 ff

A 4,0 3.0

A 0,3 0.5

] section I 65A 006 ] 65AO04 I

Ii

F- 1.- Qeometmic cherectariati~ce of te8t mdels. All dlmemlone ere

k!

in Inches. S
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L-80760.1 q

l%wm 2.- Photograph of swept-w@4 mdel with mgulmnt~ survey rake
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Figure 3.- Sketch
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x

showing COO~te System and
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Figure k.- Downwash induced by circular-cross-section fuselage alone

bssed on swept-wing semispan. z = Oj X/l k O.~.

, ,



NACA TN 3738

24

20

16

/2

a, a’eg 8

4

0

4

-8

cm

-.

.5

4

.3

.2

./
.

I I I I I I

(2 I
Y6 -4-20.24 .6 .8 /0 12

CL
.

Figure 5.- Lift, drag, and pitching-mment characteristicsof the swept-
wing-fuselage configuration. .
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Figure
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drag, and pitching-moment character.tics of
wing-fuselage configuration.
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Flm.u?e 7.- Flow characteristics at—
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the midsem$span location of the swept
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(a) Downwash angles.

characteristicsat the midsemispan location of the swept
for various lift coefficients. z/c = -0.15.
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(b) Sidewash angles.

Figure 8.- Continued.
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(a) Downwash and sidewash angles;

Figure 9.- Flow characteristicsat the three-quarter semispan location
of the swept wing for -ious lift coefficients. z/c = -0.15.
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(b) Dynamic-pressure ratios.

Figure 9.- Concluded.
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(a) Downwash angles.

Figure 10.- Flow characteristics at the tidsemkpan location of the unswept
wing for various lift coefficients. z/c = -0.15.
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(b) Sidewash angles.
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